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tropical tuna surface fisheries in the Indian Ocean and potential
fishing areas. This is a most important fishery which has been
rapidly developing during recent years and for which few data are
presently available. It will be the task of young research
scientists of the coastal states and fisheries authorities of
these countries to determine the extent of existing fisheries and
possibilities for further development.
Distribution:
FAO Fisheries Department
FAO Regional Fisheries Officers
Regional projects
Authors
Stequert, B.;
TropicaL tuna
Ocean.
FAO Fisheries
Rome, FAO,
iv
Marsac, F.
surface fisheries in the Indian
TechnicaL Paper, No. 282.
1989. 238p.
ABSTRACT
Although few data are available, Indian Ocean
tuna resources are becoming the object of an
increasingly active fishery. Between 1980 and
1985 catches grew from 275 000 t to almost
450 000 t, a 60% increase. Catches of
tropical surface tuna species, mainly skipjack
and yellowfin, nearly doubled during the same
period, from 156 000 t to almost 300 000 t ,
The catch potential for these species is still
largely unknown.
This document summarizes present knowledge on
the biology of the main species of tuna in the
Indian Ocean, the oceanographic environment
and its influence on production. The main
artisanal fisheries are described country by
country. Results of the many surveys carried
out by pole-and-line fishing, with live bait,
and purse-seining or through aerial survey are
analysed. These observations and the most
recent results of commercial purse-seine
fisheries give clear indications of those
areas favourable to tuna surface concentration
and consequently potential grounds for
purse-seining and pole-and-line fishing.
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1INTRODUCTION
Since 1950, world tuna catches have been increasing. The
widespread geographic areas where tuna are found and their high
market value have gradually increased the political and economic
importance of the various commercial activities related to this
species group.
Tuna fishing throughout the tropical bel~ has remained least
intensive in the Indian Ocean; of the total world tuna catch of
3.1 million t in 1984, some 410 000 t (or 14%) was landed in the
Indian Ocean (IPTP, 1986).
Traditional artisanal fisheries have been long established in
varying degrees of development in almost all the coastal states.
However, today, more than 80% of the fishing activity is concen-
trated in the Eastern Indian Ocean. The high catches of certain
isolated countries help to maintain a subsistence economy.
The commercial fishery for tuna and tuna-like species began
operations at the beginning of the 1950s and developed gradually.
The first technique to be employed was longlining, carried out
exclusively by non-coastal Asian countries, such as Japan, and
later Taiwan (Province of China) and Republic of Korea. Catches
increased rapidly from 12 000 t in 1952 to 94 000 t in 1956, and
finally exceeded 150 000 t in 1968. Catches levelled out to about
100 000 t at the start of the 1970s. In the following decade
there was a steady decline in longline catches: in 1971 longline
catches alone represented as much as 46% of total tuna catches
from the Indian Ocean, but dropped to approximately 30% in 1983.
This evolution was brought about by the development of the
commercial surface fisheries in the early 1970s. The first
commercial-scale pole-and-line fishing trials were shortlived •.
From the start of the 1980s, the purse-seiners carried out
successful surveys, and there were some 40-50 vessels operating
in 1984. The new form of commercial surface fishing is still
limited to the western part of the Indian Ocean.
Numerous coastal states have only recently become aware of
the imp 0 r tan c e 0 f tunare sou r c e sin the I n cl 1a n 0 c e an. Some 0 f
them are trying to develop their own fisheries, but are still
lacking sufficient information on the species available, fishing
grounds offering greatest potential, best fishing seasons and the
most appropriate fishing techniques.
After outlining the biological aspects of the principal
species involved (Chapter 1) an attempt is made to define, based
on hydrological and meteorological data, the areas of probable
abundance, and the most probable seasons for surface tuna
fishing, mainly for skipjack and yellowfin tuna (Chapters 2
and 3). The status of the main artisanal fisheries (Chapter 4),
as well as the data obtained from surveys (Chapter 5) and from
the commercial fisheries (Chapter 6) are then reviewed.
21. A BRIEF DESCRIPTION OF THE BIOLOGY OF THE
SPECIES IN THE INDIAN OCEAN
1.1 DENOMINATION OF THE MAIN SPECIES
1.1.1 Large tunas
These
habitats.
species are mostly large in size and found in oceanic
They are exploited mainly by commercial fisheries.
- Katsuwonus pelamis
- Thunnus albacares
- Thunnus obe sus
- Thunnus alalunga
- Thunnus maccoyii
1.1.2 Little tunas
listao (Atlantic, French)
• bonite (Pacific, French)
skipjack tuna (English)
albacore (Atlantic, French)
· albacore or thon jaune (Pacific, French)
• yellowfin tuna (English)
patudo (French)
• bigeye tuna (English)
• germon (French)
• albacore (English)
thon rouge du sud (French)
• southern bluefin tuna (English)
These species
nearer the coast.
fisheries.
are generally smaller and are usually found
They are essentially exploited by the artisanal
- Euthynnus affinis
- Auxis thazard
- Thunnus tonggol
thonine orientale or ravil (French)
• eastern little tuna or kawakawa
(English)
auxide (French)
frigate tuna (English)
thon mignon (French)
longtail tuna (English)
All the above-mentioned species will be referred to repeatedly
throughout the text. There are other species (little tunas only)
which will be referred to only occasionally, namely Sarda
orientalis (bonito oriental or striped bonito), QLmnosarda
unicolor (bonite a gros yeux or dogtooth tuna) and Auxis ~chei
(bonitou or bullet tuna).
31.2 BIOLOGICAL ASPECTS
1.2.1 Skipjack tuna t Katsuw~~ pelamis (Figure 1)
Skipjack tuna are essentially caught by surface gear (purse
seine and pole-and-line). World catches were nearly 1 million t
in 1984 t or nearly 50% of total catches of large tunas. In the
Indian Ocean t in spite of the recent development of the com-
mercial surface fisheries t catches were only 150 000 t in 1985.
This species is widespread throughout the entire ocean and is
undoubtedly significantly underexploited.
1.2.1.1 Distribution
Skipjack tuna (generally weighing less than 5 kg) are found
throughout all intertropical waters. Japanese maps t plotting
longline and pole-and-line c a t c h e s , show that these species are
found throughout the Indian Ocean from as far as 40 0-45 0 S in the
west as well as off South Australia. This is a vast area with an
extremely heterogenous environment (Figure 2).
Skipjack tuna larvae can be found. in most parts of the Indian
Ocean t from 36 0 S on the western side to 30 0 S in the east
(Ueyanagi t 1969). They are not found further north than lIoN to
1S o N (Jones t 1959 t Ue y a n a g L, 1969). Large larvae concentrations
have been observed in the following areas northwest off
Madagascar (Conand and Richards t 1982)t south off Sri Lanka close
to the Laccadive Islands (Jones t 1959)t as well as\off South
Somalia (Yabe and Ueyanagi t 1961). In the east of the ocean
larval abundance is highest in February and minimal in June-July.
North of the Mozambique Channel maximum concentration was
observed between November and April (Figure 3).
Skipjack juveniles are seldom seen in the open sea and
consequently are rarely caught there. Some sampling was carried
out with plankton nets. The majority of the specimens examined
had either been regurgitated by sea birds or found in the stomach
contents of predator fish (mainly tunas or swordfish). Literature
on the species pertaining to the Indian Ocean is limited. Mori
(1972) examined some 200 skipjack juveniles (3-35 cm in length)
and was able to determine their area of distribution between 1S o N
and 35 0 S (Figure 4).
1.2.1.2 Reproduction
Apart from a few cases of hermaphrodism found among skipjack
tuna off the Laccadive Islands (Raju t 1960; Thomas and Raju t
1964)t the species is heterosexual.
Si z eat fir s t ma t u r i ~: Ra j u (1964) put s
maturity between 40 and SO cm (total length) off
For specimens caught off the northwest coast of
size is 41-43 cm (Stequert, 1976).
length at first
Minicoy Island.
Madagasca r t h l s
4Katsuwonus pelamis
Fi6ure 1. Skipjack tuna (Co11ette and Nauen, 1983)
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Figure 2. Skipjack distribution and
main fishery areas
(Matsumoto ~ a l , , 1984)
Figure 3. Skipjack larvae distri-
bution and areas of great
concentration:
1) in February, minimum
concentration in Ju1y-
August (Yabe and
Ueyanagi, 1962);
2) Northwest Madagascar
(Conand and Richards,
1982);
3) ( J one s, 1959 ; Raj u ,
1964)
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Figure 4. Distribution of young
skipjack tuna
(Matsumoto ~ al., 1984)
Figure 5. Areas of study of
skipjack spawning cycles
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Figure 6. Monthly GSI average in female and male skipjack tuna ~n the Indian Ocean.
a) Western Indian Ocean (Stequert, 1974)
b) Eastern Indian Ocean (Marcille and Suzuki, 1974)
Reproduction periods
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Authors
Raju, 1963
Marcille and
Suzuki, 1974
Stequert
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Spawning periods
S o N D Zones
Laccadives Isl.
East Indian Ocean
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Figure 7. Distribution of skipjack tuna spawning periods in the lndian Ocean
AUTHORS .~ cmAreas 20 30 40 50 60 70 80 90Technique
Sivasubramanian West coast of Sri Lanka Trolling
1965 East coast of Sri Lanka Trolling & Pole line
Gillnetting
South coast of Sri Lanka All gears
Sivasubramanian Sri Lanka Pole-&-line .
1975 (Japanese)
Jones and Silas Laccadive Islands Artisanal surface1963 fisheries
South Indonesia
Marcille and Central east Indian Ocean Longlining (Japanese) ..
Suzuki, 1974 Central west Indian Ocean
Gulf of Bengal
Arabian Sea
Marcille and Northwest. coast of Pole-and-line
Stequert, 1976 Madagascar (Japanese)
Cort, 1984 EEZ Seychelles Pole-and-line
(Spanish)
Marsac and Western Indian Ocean Purse-s<:ining,
Potier, 1984 1982-1983
Marsac and International waters Purse-seining
Hallier, 1985 1984
Figure 8. Size synopsis chart of skipjack landed ~n some areas of the Indian Ocean
6Ri.Jl~...!lJ3.lL-0 f the g 0 n ads: Many aut h 0 r s p r e fer t 0 ass e s s the
state of reproductive conditions on g o na d o s o ma t Lc indexes (GSI)
so as to avoid histological examinations of formalin-preserved
ovarian tissue. Gonadosomatic levels have been studied in three
different areas of the Indian Ocean (Figure 5). In the case of
the skipjack tuna (as for most fish species), when sampling can
be carried out on a sufficiently large scale, the monthly varia-
tions in eSI are perfectly synchronized for males and females and
clearly indicate the spawning periods (Figure 6).
Central Indian Ocean skipjack tuna spawn from January to
April and June to early September with maximum activity in
January and June (Jones and Silas, 1963). Peak GSI levels are
registered from October to April between Indonesia and Australia
in the Eastern Indian Ocean: peak spawning thus corresponds to
the southern summer. There is no defined peak of spawning
per i 0 d s , e x c e p t P0 s s l b 1 y f o rn, ~ e; "'- :>1 ber. Sex u a Ire s t see ms t 0 I a s t
from May to September, but according to Marcille and Suzuki
(1974) skipjack tuna appear to spawn all year round. Stequert
(1976) suggests that even though eggs are released all year round
off the northwest coast of Madagascar, there is maximum activity
from December to March during the southern summer. Four more
definite spawning periods are illustrated in Figure 7. The
information obtained through ob s e r v a t Lo n of larvae abundance in
this particular area s,lggests a continuous spawning season
throughout the year (Conand and Richards, 1982) and peaking from
November to May.
- Fecundi~: Raju (1964) found variations in fecundity from
151 900 to 1 977 900 eggs for fish ranging between 41.8 cm and
70.3 cm (total length) off the Laccadive Islands. The figures
obtained for Madagascar by Stequert (1976) are much lower:
skipjack tunas 44.1-56.5 cm fork length produced between
87 600 and 824 000 eggs per batch.
1.2.1.3
The principal prey of skipjack tuna are shellfish, fish and
molluscs. Shabotiniets (1968) was the first to try to determine
growth rate and age by examining the growth rings found on the
first spine of the first dorsal fin. The following results were
obtained: 3 years for fish 40-45 cm and 4 years for fish
40-60 cm. These last figures are debatable, because the annuli
observed may not correspond to annual growth checks. Marcille
and Stequert (1976) assessed skipjack tuna growth rates over
monthly periods northwest off Madagascar as follows: 34 cm at 1
year, 45 cm at 1.5 years, 52 cm at 2 years, 56 cm at 2.5 years
and 58.5 cm at 3 years. No assessment of age has been made for
fish measuring more than 60 cm. The results obtained from these
authors match those obtained from other oceans.
1.2.1.4 Stock structure
7
Based on the results obtained by pole-and-line fisheries
along the northwest coast of Madagascar (from February 1974 to
March 1975), Marcille and Stequert (1974) and Stequert (1976)
assessed female predominence with the following average sex-ratio
for the entire period: 0.83:1 (males:females).
Figure 8 illustrates the sizes of skipjack tuna caught tn the
Indian Ocean. The size range varies according to the fishing
techniques used. Fish caught by longlining in deep waters are
generally larger than those caught by trolling, pole-and-line
fishing or seining in shallow waters. However, large fish have
been caught occ~sLonally in surface waters off the Laccadive
Islands and Sri Lanka.
1. 2. 2 Yellowfin tuna, Thunnu~ ~~acares (Figure 9)
This species rates second in world tuna catches. Approxi-
mately 610 000 t were landed in 1984 while Indian Ocean catches
attained 100 000 t in 1985. This species is one of the prime
targets of longliners (particularly the large individuals) as
well as the artisanal and commercial surface fleets.
1.2.2.1 Distribution
This species is widely distributed throughout the Indian
Ocean (Figure 10). However, it is not found south off Australia
where the influence of Antartic waters is strongly felt (Suda,
1960). It is less abundant in the north of the Arabian Sea (Gulf
of Oman) and in the south of the Gulf of Aden. Young individuals
are rather concentrated in the upper waters near the Equator
(lOON to lOoS) where they are caught by commercial purse-seining
fleets and by artisanal fisheries using pole-and-line and
trolling techniques. The adults disperse more, covering approxi-
mately the first 150 m. They are known to dive to greater depths,
and are generally caught by longlining and purse-seining.
Greatest larval concentration has been reported from November
to April, south off Java, Maldives, Chagos Islands, the
Seychelles as well as off Madagascar (Figure 11). The largest
quantities have been registered always on the east side of these
islands. West off Sumatra and around the Chagos larvae have also
been found from May to October, but in lesser quantities. Maxi-
mum density in the Mozambique Channel has been registered between
November and April (Figure 12).
1.2.2.2
Shung (1973) based the study of yellowfin reproductive cycles
on the longline catches. The study indicates that 50% of the fish
observed reach first sexual maturity when measuring 120 cm to
140 cm, but some rare individuals display the same maturity when
8Figure 9.
Thunnus albacares
Yellowfin tuna (Collette and
Nauen , 1983)
May to October
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of the commercial surface
fisheries
Geographical distrib~tion
of the yellowfin tuna
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Figure 11. Distribution of yellowfin larvae
i.Ueyanagi, 1969)
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and latitude (Mimura ~ al., 1983)
10
"'H,------"..---,,-------------------r----r---,
Ye110wfin migration chart
based on long1ine catches
(Morita and Koto, 1971)
Figure 15.
.."e
0"
10'S
,,'H
'0'"
40·SL-_L-_-'---_--'---_---"---_---'-_-----l_-----JL-_.l-_-'---_--'---_---"---_---'
20'E
SO"E -100"E East of 100·E 40"E - 100"E East of 100"1:
1S"N - 10·5 0·- 10·5 10·5 - 30·5 10°5 - 30"5
N. 4188
40 40
20 20
. ~ 40 _ 40
?R
20 20
>- >-u
c u
•
c
~ 40 •:> 40
•
er
.:: •20 .:: 20
• •.. ..
f/l f/l
40 40
20 20
40 80 120 160 40 80 120 160 cm 40 80 120 160cm
Northwest monsoon
Southeast monsoon
Inter-monsoon
40 60 eo 100 120 140 160 L.F. (....
%
40 N.837
20
%
40 N = 220
20
%
40 N ... 228
20
Figure 16. Size frequency distribution of ye110wfin caught by
long1ine fisheries in the Indian Ocean (Morita and
Koto, 1971)
February
11974 1
dTdIHJ-b
::1 ..... A,-=-=~~C..--=h~
~:L"'
Figure 17. Sizes of ye110wfin caught by po1e-
and-line fisheries on the north-
west coast of Madagascar from
January to April 1974.
(Marcille and Stequert, 1976)
Figure 18. Sizes of ye110wfin caught in the
Western Indian Ocean by French
seiners in 1982 (Marsac et al.,
1983) ~--
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measuring only 80 cm. As for skipjack, sexual activity has been
assessed through gonadosomatic indexes (GSI). Shung (1973) shows
that females in advanced ovarian development (therefore, capable
of reproduction) produced GSI levels between 1.5 and 2.5. The
distribution of sexually mature yellowfin tuna (GSI > 2) indi-
cates spawning seasons and areas (Figure 13). Spawning intensi-
fies between January and March in the Central Indian Ocean (from
o 0 0 05 to 15 S and from 70 and 85 E) as well as west off Sumatra and
south off the Seychelles. Later, between April and June, only
the yellowfin tuna caught in the vicinity of Sri Lanka are
spawning. Between October and December yellowfin spawn again in
areas north off Australia and north off Madagascar.
1.2.2.3 Nutrition and growth
Kornilova's study (1980), based upon the stomach contents
from yellowfin tunas caught between May and October, describes
the feeding habits of this species. Highest repletion indexes
were derived along a narrow strip stretching from the Mozambique
Channel to the southern tip of India, with maxima around the
Maldives and the Chagos Islands. In these regions, stomach con-
tents were almost exclusively comprised of flying fish, small
young tunas and squid. Northwest of this area, off the Somalian
coasts, squid and scombroids predominate in the stomach contents.
The proportion of shellfish found in yellowfin tuna stomachs
increases as they swim closer to the coasts. According to
Belevich (1970). the areas with highest repletion indexes are
those where thermal gradients are high.
Yabuta ~ ~~ (1960) used the scale reading method to deter-
mine the age of yellowfin tuna. with the following results: 54 cm
at 1 year. 92 cm at 2 years. 120 cm at 3 years. 140 cm at 4 years
and 154 cm at 5 years. Marcille and Stequert (1976) found that
yellowfin juveniles measuring 45 cm-70 cm fork length have a
growth rate of 3 cm per month. which is compatible with preceding
data.
According to Marsac and Lablache (lQ86). who analysed the
size composition of seine catches around the Seychelles. the
growth rate of Indian Ocean yellowfin is 3 cm/month at 57-76 cm
fork length and reil.l~hl~S~.3 cm/month at 88-101 cm fork length
(Table 1). Fonteneau (1980) attained similar results in a growth
rate study on the East Atlantic. which Bard (1984) confirmed
through his tuna tagging observations. Von Bertalanffy's K
coefficient seems higher in the Indian Ocean than in the Atlantic
(1.16 versus 0.94).
1 2
Table
MONTHLY GROWTH RATE OF YELLOWFIN IN
THE WESTERN INDIAN OCEAN
Size class
(FL in cm)
Average monthly growth
rate (cm/month)
35 - 39
39 57
57 - 76
1.3
1.6
3. 1
)
( • • • 2 • 0
)
1.2.2.4
76 - 88 4.0 )
88 - 101 4.3 (
101 - 134 3.9 ) ... 3.0
134 - 139 1.7 (
139 - 143 1.3 )
Stock structure
Based on catches in the equatorial zone by longliners, Hirano
and Tagawa (1956) found the sex-ratio as being equal (1:1). In
yellowfin measuring more than 140 cm, they registered a 52% male
predominance. For the same region Katoaka (1957) found a 58%
male predominance. Tsuruta and Tsunoda (1960) observed a
decrease in the sex-ratio moving from the Arabian Sea towards the
Equator, male predominance decreasing from 80% to 60%
(Figure 14).
According to the data gathered by Morita and Koto (1971),
there are two stocks of yellowfin tuna in the Indian Ocean,
located both sides of 100 0 E . A migration chart (Figure 15)
illustrates the movements based on the results obtained by
longlining vessels. During their life-span, yellowfin are
exploited by various surface fisheries both commercial and
a r t I s a n a L, Longliners catch mainly large yellowfin of average
size approximately 120 cm (Figure 16). Live-bait pole-and-line
fisheries exploit smaller fish averaging 60 cm (Figure 17). In
the Western Indian Ocean purse-seiners catch both the small and
large individuals (Figure 18). The large yellowfin caught in
this instance generally come from free-swimming schools, whereas
the smaller ones are often caught near drifting wreckage.
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1.2.3 Bigeye, Thunnus ~~~ (Figure 19)
Catches of bigeye in the Indian Ocean amounted to 40 000 t in
1984 representing approximately 20% of the total world catch for
this species. Bigeye are the prime target of Asian longliners
which catch the large deep-swimming individuals. The small ones
are often caught by pole-and-line or by purse-seining. They are
very similar in appearance to young yellowfin. Adult bigeye are
much broader and do not have the long fins (ventral and second
dorsal) characteristic of adult yellowfin tuna.
1.2.3.1 Distribution
Bigeye tuna, like the yellowfin, are present throughout the
intertropical zone. They are also found in bordering areas where
the yellowfin are scarce such as the Arabian Sea with its low
oxygen levels, and also in subtropical areas where water tempe-
ratures are lower. Bigeye is found in greater depths; its verti-
cal distribution seems to be closely linked to the thermocline.
Young bigeye schools are found frequently below drifting wreckage
in 50-100 m of water.
The horizontal and vertical distribution of the larvae is
little known. The only concentrations worth noting now have been
observed from November to April south of Indonesia (Ueyanagi,
1969); lesser quantities have been found south of the Bay of
Bengal, northeast off the Maldives (Figure 20) and from May to
October, north of Australia.
Examination of the stomach contents of large fish (Yabe et
al., 1958) has confirmed that young bigeye are found between lOaN
- 0
and 10 S only.
1.2.3.2 Re~roduction
Kume (1962) found that the smallest sexually mature bigeye
female caught by longline fisheries in the Indian Ocean measured
92 cm. According to Solovieff (1970) bigeye tuna in the Western
Indian Ocean reach ,sexual maturity at the age of 3 years, which
would correspond to an average length of 67 cm. Earlier data
have shown that bigeye spawn from January to March, over a wide
area extending to the Eastern and Western Indian Ocean. Ueyanagi
and Yakinawa (1953) found a sexually mature female in March near
Timor (Eastern Indian Ocean). In February, Yukinawa and Watanabe
(1956) observed male and female sexuallJ mature bigeye coming
from the Eastern Indian Ocean (95 0 to 97 E, and 9 0 to lOoS) and
found that this stock was sexually mature only between January
and March.
1.2.3.3 Nutrition and &£~wt~
Kornilova (1980), studied bigeye feeding habits for the
period May-October, and found that food assimilation rates were
lowest off the eastern coast of Africa and on both sides of the
14
Thunnus obesus
------
Figure 19. Bigeye tuna (Co11ette and Nauen, 1983)
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Equator between 2 0N-3 0S. High assimilation rates were found in
o 0 0 0
the area from 42 to 75 E and from 3 to 10 N, where bigeye prey
mainly on fish and squid. Examination of stomach contents
reveals that bigeye also prey on flying fish in the area 50 to
i o?s , Near the Maldives, large numbers of pelagic crab species
are assimilated. Kornilova points out that although bigeye and
yellowfin prey on the same species, there is no competition
between them, as they hunt at different depths (Figure 21).
In the Cape area, Talbot and Penrith (1960) found that bigeye
grow between 30 and 35 cm per year (based on size-frequency exa-
minations). Marcille and Stequert (1976) ascertained that growth
rates in young bigeye situated northwest of Madagascar are
approximately 18 cm per year as bigeye measuring 51 cm in
February reached 60 cm in September (Figure 22). Solovieff
(1970) and later Tankevich (1982) determined bigeye growth rates
based on the scale reading method, analysis of bone structure or
by examination of the first spine on the first dorsal fin (see
Table 2).
- males :
- females: L =t(cm)
L =t(cm)
and
Tankevich (1982) found that age and growth of bigeye males
females are differentiated and can be determined as follows:
209.8 (1-e -0.171 (t-(-0.86)])
423.0 (l-e -0.058 C-(-1.773~)
Also according to Tankevich, bigeye originating in the North-
east Indian Ocean grow faster than those from other regions.
Table 2
SIZE-AGE RELATIONSHIP OF BIGEYE TUNA
CAUGHT IN THE INDIAN OCEAN
(in cm)
AuthO~ge 1 2 3 4 5 6 7 8 9 10 11
Solovieff ( 1970) 67 80 100 110 120 135 145 160 192
- - to to to to to to to to 192
82 105 130 140 155 165 175 190
-------------
-------------------------------------
65 85 105 120 140 140
Tankevich (1982) 59 to to to to to to 183 - - -
95 120 135 150 155 180
1.2.3.4 Stock structure
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Based on catches by longline fisheries, the proportion of
males is greater than that of females. This proportion changes
not only according to area (Figure 23), but also according to
size of individuals. Among the larger individuals there are
generally more males (Figure 24).
The size structure of the catches is conditioned by the
selectivity of the gear used and is therefore not representative
of the population as a whole. Sizes of 120-150 cm dominate in
the longline catches even though important variations may be
observed according to the areas exploited (Figure 25). The
bigeye caught by pole-and-line are only young individuals (Figure
26). Seiners also catch a proportion of young bigeye together
with a fair quantity of 4 to 5 year-olds (Figure 27).
1.2.4 Albacore, Thunnu~ alalu~ (Figure 28)
Albacore are found in the temperate and subtropical zones of
different oceans. Classic techniques are employed to catch this
species. Longlining is employed to catch adults, and the surface
fisheries (seining and trolling) land the young ones. In 1984
catches rose to more than 16 000 t in the Indian Ocean, repre-
senting about 10% of the total world catch for this species.
1.2.4.1 Distribution
Young albacore are found in subtropical areas and in shallow
o 0
waters of 15 -20 C; and the older ones towards low latitudes in
o 0deep waters in temperatures of 14 -25 C (they may be found on the
surface occasionally).
Few albacore are found north of lOoN in the Indian Ocean, and
south of approximately 35 0-40 oS in the Western Indian Ocean and
25 0-30 oS in the Eastern Indian Ocean. Some albacore may be found
south of Australia as far as 40 oS. Fairly large quantities were
caug~t, by French and Spanish surface fisheries west of the
Seychelles economic zone during the second quarter of 1984 and
1985.
The main longline fisheries are situated south of lOoS
(Figure 29). Between October and March, activity moves to east
and northeast of Madagascar as well as along the east coast of
Africa. The southern limit corresponds approximately to a
surface water temperature of 23 0-24 oC. During the southern
winter, April-September, the areas exploited are more to the
o
south toward approximately 35 S, where surface water temperatures
register 16°C to the south and 20 0C to the north of that latitude
(Lebeau, 1971)~
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According to Koto (1969) the habitat of a1bacore
southern area of the Western Indian Ocean is the same as
a1bacore from the southern part of the East Atlantic.
summer months surface water temperature rises to 21 0 C in
area. This would enable the a l.b a c o r e , as well as the
species such as y e Ll o wf Ln and bigeye tuna, to migrate
ocean to another (Lebeau, 1971).
A1bacore larvae are distributed in two separate and distinct
zones, one in the Eastern and the other in the Western Indian
Ocean from November to April (Figure 30). During the rest of the
year they are also found west of Australia.
1.2.4.2 ~~roduction and ~£ow~~
A1bacore spawning grounds range from 14 0 to 28 0 S and from 55 0
to 80 0 E according to Kikawa and Ferraro (1966) and as far as
Indonesia for most other authors. The period of reproduction
coincides with the southern summer (January to June), peaking
from February to April.
There is little information concerning growth rates in the
Indian Ocean or on size structures of the catches from Taiwanese
10ng1ine fisheries. A1bacore caught in the western area by
seiners are usually large, averaging 116-120 cm (Figure 31).
1. 2. 5 Southern b1uefin tuna, Thunnu~ ~accoyii (Figure 32)
The adults of this species are larger than all
species found in the Indian Ocean. Adult b1uefin can
much as 200 kg in weight, 225 cm in length and live for
20 years (Co11ette and Nauen, 1983).
the other
attain as
up to
The Japanese and Australian fisheries land most of the world
southern b1uefin catch (approximately 40 000 t). Along the south
coast of Australia the exploitation of southern b1uefin is
ensured by po1e-and-1ine, purse-seine and, to a lesser extent, by
t roll in g f ish er i e s • L0 n g 1 in e cat c h e s rep res e ntal i t t 1 e more
than half the total catch, and are exclusively carried out by the
Japanese fleets.
1.2.5.1 Distribution and migration
Southern b1uefin is found only in the southern hemisphere.
It is widely distributed throughout the three oceans from
o 0 0 030 to 50 S and in relatively cold waters (5 -10 C). However,
this species can be found as far as lOoS in the Indian Ocean,
south of Indonesia where they spawn (Figure 33). Longline
fisheries exploit adult southern b1uefin south of Tasmania from
June to September, and from May to August off South Africa.
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Figure 32. Southern b1uefin tuna (Co11ette and Nauen. 1983)
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The area between 100 and 20 0 S east of 100 0E is the only area
where southern bluefin is known to reproduce. Maximum density of
larvae is found south of Java (Figure 34). Its distribution in
the Indian Ocean varies throughout its existence. During the
first two years, schools move progressively from their place of
birth towards southwest Australia. During the following two
years (age 3 and 4 years), they migrate in an easterly direction
remaining for some time in the southern part of the continent.
During these 4 years southern bluefin is exploited by the
Australian surface fisheries. Later the schools spread out in
many different directions, some reaching west of South Africa and
the South Atlantic. At 7 or 8 years southern bluefin return to
the place where they were born to spawn (Shingu, 1970).
1.2.5.2 Re~roduction
Southern bluefin become sexually mature at 7 years when they
measure approximately 140 cm (Kikawa, 1964). The spawning season
extends from October to March with more than one spawning per
year (Robins, 1963; Kikawa, 1964). This species is highly
fecund, since a fully mature female can lay as many as 14 to
15 million eggs at a time (Murphy, 1974).
1.2.6 Eastern little tuna or kawakawa, ~~~~~~ affinis
(Figure 35)
1.2.6.1 Distribution
This species populates the coastal waters and can be found in
the tropical and subtropical waters of the Indian Ocean as well
as along all the coastal countries from South Africa to Indonesia
and around the islands of Madagascar, Reunion, Mauritius,
Seychelles and Sri Lanka. It is also present along the west
Australian coast but only as far as 25 0-30 0 S (Figure 36). Larvae
and juveniles are generally caught near the coast, but also some-
times offshore (Figure 37). In some countries a r t Ls a n a I fishe-
ries land substantial quantities of juveniles. Off the southwest
Sri Lankan coast the catch is also marketed when the individual
size is below 24, cm. Kawakawa are also found near beaches. Off
the Maldives, for example, quite large schools sometimes prey on
small fish in the shallow waters of the lagoon.
1.2.6.2
In the Indian Ocean, sexual maturity occurs rather late.
Ommanney (1953), basing his conclusions on 75 specimens taken in
the Seychelles, found that sexual maturity' is reached at 3 years
when kawakawa measure 50-65 cm (total length). Baissac (1960)
reports that, off Mauritius, kawakawa measuring 55 cm are
sexually mature. According to Williams (1956 and 1963), on the
East African coasts sexual maturity is reached when total length
is 55-60 cm. However, off the southwest coast of India females
obtain sexual maturity when measuring only 48 cm (Rao, 1964), and
22
Euthynnus affinis
Figure 35. Eastern little tuna or Kawakawa (Collette
and Nauen, 1983)
Figure 36. Distribution of eastern little tuna
(~. affinis), (Collette and Nauen, 1983)
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Figure 37. Distribution of eastern little tuna
larvae (Yoshida, 1979)
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between 210 000 and 680 000 eggs are spawned by fish measuring
48-65 cm. Spawning periods off 'the Seychelles occur between
November and March (Ommanney, 1953), and between April and
September along the southwest coast of India (Rao, 1964). Along
the equatorial area spawning takes place between August and
October (Rao, 1964).
1.2.6.3 Nutrition and growth
Studies have shown that kawakawa has no preferential prey and
that this species will eat whatever food is available. However,
the diet of this species consists essentially of crabs and fish
and occasionally cephalopods (Collette and Nauen, 1983). From
data on size distribution and examination of bone structure
several authors have assessed the age of the species (Table 3).
Table 3
AGE-LENGTH RELATIONSHIPS OF KAWAKAWA IN THE INDIAN OCEAN
A G E
1 2 3 4 5 6
25 cm 45 cm 65 cm
Seychelles 25 cm to to to - -
(Ommanney, 1953) 45 cm 65 cm +
31 cm 37 cm 47 cm 52 cm 52 cm
South of the Red Sea to to to to to -
(Landau, 1965) 43 cm 52 cm 56 cm 59 cm 60 cm
50 cm 55 cm 65 cm
Gul f of Aden - - to to to 86 cm
(Shabotiniets, 1968) 65 cm 75 cm 80 cm
1.2.6.4 Stock structure
The average size of the kawakawa which are usually caught
around Sri Lanka is 20-65 cm. Sometimes smaller individuals are
landed (15-20 cm) (Sivasubramaniam, 1970). The sizes landed
depend on the gear employed. On the southeast coast of Africa,
24
Figure 38. Frigate tuna (Collette and Nauen, 1983)
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Figure 39. Frigate tuna distribution (Silas and Pillai, 1982)
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Figure 40. Distribution of frigate tuna larvae
25
around the Seychelles and Madagascar, trolling fisheries catch
large individuals of 40-85 cm. With information presently
available, it is impossible to know whether kawakawa migrate
across the oceans or merely move around locally. Kawakawa,
frigate tuna, and young ye l Lo wf Ln are often found together in
mixed schools (Wi1liams, 1963; Sivasubramaniam, 1970).
1.2.7 Frigate tuna, Auxi~ thazard (Figure 38)
Exploited only by artisana1 fisheries, this species is small,
rarely measuring more than 60 cm. Average sizes in the catch
range from 25 to 40 cm.
1.2.7.1 Distribution
This species can be found in the tropical and subtropical
waters of the Indian Ocean. It is caught in variable quantities
along coastal countries from Australia to South Africa
(Figure 39). It is not entirely correct to refer to it as a
coastal species as young frigate tuna have been found far off-
shore in the stomach contents of large tuna and swordfish, and
adult individuals are occasionally caught by purse-seine fishe-
ries. Larvae are more usually found closer to the coast; Yabe et
al. (1963) took fairly large quantities off the coasts of Somalia
(Figure 40) and Conand and Richards (1982) observed their pre-
sence in the north Mozambique Channel from November to May and
from May to October between 5 0 S and 58 0 E during the southern
winter.
1.2.7.2 ~roduction
The few data existing on this species in the Indian Ocean
come from the west coast of Thailand. Yesaki (1982) established
that females (caught by trolling and se-ine fisheries) begin to
develop sexually when measuring 33 cm and reach sexual maturity
at 38 cm in length. He further concluded that maximum concen-
tration of sexually mature females occurs from December to March.
1.2.7.3 Nutrition and growth
Kumaran (1964) studied frigate tuna feeding habits from the
landings of artisana1 surface fisheries coming from the southwest
point of India, details of which are resumed in Table 4.
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Table 4
FEEDING HABITS OF FRIGATE TUNA ALONG
THE COASTS OF INDIA (Kumaran, 1964)
From a study of monthly growth rates of catches off Thailand,
Yesaki (1982) calculated an annual growth rate of 11 cm in fish
measuring 25-36 cm and an annual growth rate of only 6 cm in fish
measuring more than 40 cm. He proposes an age-length relation-
ship of 26 cm at 1 year, 37 cm at 2 years and 43 cm at 3 years.
1 • 2. 8
1.2.8.1
Longtail tuna, Thunn~ tonggol (Figure 41)
Distribution
The distribution pattern for this species is limited to the
north and east of the Indian Ocean, Indonesia and along the north
and west coasts of Australia. Some longtail tuna are found off
north Somalia on the east coast of Africa. Even though longtail
tuna is a coastal species, it is not found in turbid water or
water with a low salinity. This species is caught by artisanal
fisheries equipped with trolling lines, gillnets, or longlines
along the coasts.
Artisanal fisheries land longtail tuna measuring 40-70 cm in
India (Silas and Pillai, 1982) and 30-50 cm in Indonesia (White
and Yesaki, 1982). Maximum lengths registered are 130 cm in
India and 105 cm in Indonesia.
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Figure 41. Longtail tuna
(Collette and Nauen,
1983) ,
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Figure 42. Stage of varying sexual maturity in longtail tuna from Thailand
(Yesaki, 1982)
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Figure 44.
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1.2.8.2 ~~oduction
Sivasubramaniam (1981) specifies that the size at first
sexual maturity is attained by individuals measuring 45-50 cm, in
the Northeast Indian Ocean, and only 44 cm off the west coast of
Thailand (Yesaki, 1982). Little is known about longtail spawning
periods. Ripe ovaries were found in a 7.3 kg female measuring
81 cm caught in September off the coast of India (Rao, 1986).
There seem to be two spawning seasons off the west coast of
Thailand. The main one occurs from January to April during the
northeast monsoon and the other (of less importance) during
August-September (Figure 42). Females measuring 44-49 cm (total
length) produce an average of 1.4 million eggs per spawning.
1.2.8.3 Nutrition and growth
Yesaki (1982) affirms that longtail is one of the most
voracious tuna species; he found very few with empty stomachs.
Based on Malay and Thai catches, Klinmuang (1978) concludes that
longtail tuna age-length relationship is as follows: 30 cm at
1 year, 47 cm at 2 years, with a monthly growth rate of 1.5 cm
during their second year.
1.3 GENERAL DATA ON TUNA SCHOOLS
The gregarious nature of tuna causes them to swim in schools
which can be observed from the surface. This behaviour is con-
sidered generally as being a protection measure, and can take
different forms according to area or even according to the hour
of day (Marcille and Bour, 1981). Precise knowledge of the
schooling pattern is needed to determine the fishing gear to be
used.
1.3.1 Types of schools
Tuna schools can be divided into two main categories: surface
schools and deep-sea schools. The former can be easily spotted
by simple observations by trained personnel, and the second by
acoustic devices such as echosounders, sonar, etc.
1.3.1.1 Surface schools
Surface schools swim freely or aggregate with flotsam.
Free-swimming schools. These schools swim close to the
surface or sub-surface and are often accompanied by birds.
Below is an annotated list of the current terminology used
in the USA - proposed by Marcille and Bour (1981) and by
Marsac ~~ al. (1983) - to qualify a fish school according
to the behaviour of the individuals which it comprises.
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Breezer: the presence of tuna is indicated by a rippling
on the surface, caused by fish swimming sub-surface in the
same direction. This situation signals very often the
presence of large schools.
Finner: the fish do not surface entirely; only dorsal fins
can be seen surfacing from time to time.
Jumper: single fish jump out of the water and dive head
first (fish behaving in this way are generally thought to
have momentarily lost contact with the rest of the
school).
Smoker: the fish collectively jump out of the water,
generating a choppy sea. This behaviour is characteristic
of mixed schools made up of small tuna.
Boiler or foamer: this term is used when the preceding
situation becomes highly accentuated and is usually caused
by large fish preying on anchovies, or euphausiids. Even
from a distance the fish can be seen to jump in a
disorderly fashion causing the water to foam.
The descriptions set out above represent typical situations.
However, they could be more difficult to discern at sea. Accor-
ding to Marsac ~ al. (1983), 50-70% of the schools observed were
very difficult to classify in any of these categories as any
given fish school can pass through several of the above-described
behavioural patterns during the course of one observation.
Schools (as explained earlier), can also aggregate around
floating objects (e.g., flotsam, wreckage), or anchored
objects (fish aggregating devices, FADs) and mammals
(whales, dolphins), or sharks. These schools may be or
may not be accompanied by birds, and may be composed of
one or more species.
1.3.1.2 Deep-sea schools
These can be free-swimming or may aggregate with the floating
objects. Three distinct patterns have been detected acoustically
in the Western Indian Ocean (Marsac et al., 1983;
Table 5):
Type A: only detected below flotsam. It is compact in
form. Catch analyses show that schools in this formation
are comprised of adult skipjack mixed with small yellowfin
and bigeye.
Type B: characterizes the presence of both free-swimming
and aggregated schools. It comprises two parts, one above
the other. The upper one is compact, the lower is longer.
Sometimes, the two sections are separated. Catches from
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these schools are made up of tuna mixed in size and
species. The smaller individuals form the upper stratum
in a compact formation and the larger ones the second
deeper one.
~_~: typical free-swimming formation comprised of large
fish maybe occupying a thick layer of water and regis-
tering an oblong diamond shape on the echosounder.
Table 5
THREE DIFFERENT TYPES OF FISH DETECTION PATTERNS
FOUND IN THE MAJOR TUNA SPECIES OF THE INDIAN OCEAN
(Marsac ~ ~~, 1983)
CHARACTERISTICS TYPE A TYPE B TYPE C
--
Pattern Compact 0 2 groupsD~ Oblong 0diamond.
Species Mixed Mixed Yellowfin
Structure
Small and All
Size medium sizes Large
Aggregating Associated Aggregating
Behaviour with or not with flotsam
flotsam associated or free-
swimming
Depth distribution 10 - 70 m 15 - 130 m 30 - 130 m
1.3.2 Fish size in different schools
Single species schools generally comprise fish similar in
size. Fish sizes in aggregated schools vary according to the
speed at which the object of aggregation moves. Tuna which swim
by drifting wreckage, rafts and flotsam will vary more in size
than those associated with sharks or whales (Marcille and Bour,
1981). Contrary to what has been observed in other oceans,
tuna/marine mammal association is rare in the Western Indian
Ocean. Yellowfin tuna, in single-species schools, are generally
larger than those swimming in mixed schools (skipjack-bigeye-
yellowfin mix). However, the size of the skipjack in mixed
schools is close to that of single-species skipjack schools.
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1.3.3 Volume and distribution of the schools
Volume can be estimated through visual observation or by
catch per positive seine sets. In the Western Indian Ocean the
sizes of schools observed vary considerably from one season to
another. During the northeast monsoon (December-March) and
during the inter-monsoon periods (April-May and October-
November), the yields obtained per positive sets are similar, and
ranging from 21 to 25 t Zs e t , During the southwest monsoon
(June-September) levels rose to 35 t/set (Table 6).
Table 6
SEASONAL MONTHLY VARIATION OF POSITIVE SEINE SETTING
YIELDS EXPRESSED IN T/SET; AND AVERAGES FROM 1982 TO 1984
J F M A M J J A S 0 N D
21. 5 24.8 27.7 26.4 19.5 29.6 45.4 30.9 36.9 37.3 20.2 18.5
N.E.M. t • M. S.W.M. I.M. N.E.M.
21.8 22. 7 34.9 25.7
N.E.M.: Northeast Honsoon
I.M. Inter-Monsoon
S.W.M.: Southwest Monsoon
The seine sets distribution on flotsam and on free-swimming
schools is illustrated in Figures 43 and 44. Best results are
obtained on aggregated schools. The 1982-1984 average rises to
26 t and nearly 29 t/positive set. Yields from free-swimming
schools (large single species generally) registered 13 t and
2 3 t / p0 sit i ve set. Wh ate v e r the t y pe 0 f s c h 0 0 1, Yi e 1 d s b y p 0 s i -
tive sets differ only slightly. The main variations consist in
the success ratios of number/set; for instance, the average
1982-1984 results were as follows: 54% success registered on
free-swimming schools and 90% average on aggregated schools.
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2. ENVIRONMENTAL CONDITIONS OF THE INDIAN OCEAN
The Indian Ocean, covering an area of 49 million km 2, is the
world's smallest ocean basin. Africa and the Arab countries
border the western side, the Indo-Asian continent all of the
north side, the east Indonesia and Australia, and to the south
the sub-tropical convergence.
The Indian Ocean can be divided into two main areas from east
to west, along 72 0E, both sides of the Maldives and Chagos
Islands (Figure 45). The western area comprises the Gulf of Oman,
the Arabian Sea, the Somali Basin, the Mascareignes Basin
(between Madagascar and the Seychelles/Mauritius/Reunion Ridge)
as well as the Mozambique Channel. The more extensive eastern
area comprises the Bay of Bengal, the Central Indian Ocean Basin,
the Cocos Islands Basin, the Wharton and North Australian Basins
between Australia and the Sunda Islands.
The Indian Ocean, hemmed in to the north, east and west is
characterized by well defined meteorological and oceanographic
phenomena which distinguish it from the Atlantic and Pacific
Oceans. The Indo-Asian continent prevents any temperate marine
influences from the north; and the strong interaction between
ocean and continent results in the seasonal monsoon.
2.1 METEOROLOGICAL CONDITIONS
Due to the close relationship between the lower strata of the
atmosphere and the upper oceanic layer, it is of primary impor-
tance to analyse the meteorological conditions before attempting
to discuss hydrological aspects. The monsoon regime occurs when
the direction of the average prevailing winds changes more than
90 0 from summer to winter (Ramage, 1969). Figure 46 illustrates
the regions affected by the monsoons, which are almost exclu-
sively limited to the northern hemisphere; it is noted that south
of the )quator, the east and west extremes of the ocean are more
influenced than the centre by the monsoon.
2.1.1 Atmospheric pressure
Throughout the
the South Indian
north.
year,
Ocean.
anticyclonic high pressure prevails
It shifts seasonnally from south
in
to
In January (Figure 47a), the low atmospheric pressure present
in the Southwest Indian Ocean (1010 to 1012 mbJ, extends from the
southern anticyclonic high pressure areas (30 -40 0S) to those of
the Asian continent which average more than 1025 mb. The low
atmospheric pressure present in the Eastern Indian Ocean extends
from northern .Australia to Malaysia.
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Figure 45. Map of the Indian Ocean
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Figure 46. Parts of the Indian Ocean influenced by the monsoons and by trade winds(Ramaze , 1969)
Figure 47. Field of atmospheric pressure:
a) January, b) July
(Hastenrath and Lamb, 1979)
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In July (Figure 47b), the southern anticyclone reaches its
o
most northerly position at 25 S: then, it is stronger than in
January. Low pressure areas are found in the Arabian Sea (Gulf of
Oman) and in the Bay of Bengal: these areas register less than
1000 mb , Atmospheric pressure drops steadily from north
Madagascar to the Asian continent.
2.1.2 Winds
In the tropical region of the Indian Ocean, out of the
monsoon regime, south-easterly trade winds prevail all year
round. These become strongest during the southern winter when the
south anticyclone reaches maximum intensity, regularly exceeding
20 knots.
In the area affected by monsoons, three climatic situations
are 0 b s e r ve d :
The northeast monsoon blows from December to March
following the north-south pressure gradient. Moderate northeast
winds are prevailing (4-6 knots on average). The dry air collects
moisture over the Bay of Bengal and the Arabian Sea, then meets
the southeast flux at the intertropical convergence zone (ITCZ).
Crossing the Equator, the northeasterly winds change to north-
westerly and blow in a southwesterly direction. At this point,
the ITCZ can be located west of 80 0E and from lOoS to 15 0S: the
predominent westerly winds remain very light. This equatorial
calm can however be interrupted by strong winds lasting several
days. Cyclonic gyres are also observed in the area (Figure 48a).
The northeast Indian Ocean is dominated by easterly winds blowing
off the land. The average wind force on the west coast of
Thailand, from 1977 to 1980, ranged between force 3 and 4 of the
Beaufort scale (Yesaki, 1982).
The southwest monsoon, north of the Equator, is an
extension of the southeast trade winds (Figure 48b). It lasts
from June to September following a steep pressure gradient
situated between the southern anticyclone and the low pressure
areas of the Northern Indian Ocean. Atmospheric circulation is
particularly strong along the coast of Somalia: the Somalian jet
is an important component of this monsoon (Schukla, 1975) as it
carries humidity towards the Arabian Sea and induces a coastal
upwelling which saps heat from the surrounding atmosphere. The
seasonal flux changes direction during the winter monsoon
(Washington, 1976 and Manabe et ~' 1974) carrying humidity
towards the southern hemisphere.
The inter-monsoons range from April
October to November. During these transitions
flux dominates in the equatorial areas. There
wind in the Bay of Bengal, wind direction being
out the area (Hastenrath and Lamb, 1979).
to May and from
a strong westerly
is no prevailing
unstable through-
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®
Figure 48. Average wind direction at sea level
a) January, b) July (Ramage, 1969)
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Figure 49. Relative distribution of rainfall expressed as a percentage of the number
of observations (with rainfall) registered: a) January, b) July
(U S Office of the Chief of Naval Operations, 1957)
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Figure 50. Rainfall levels in the Western Indian Ocean: a) annual rainfall expressed in
millimetres, b) monthly rainfall graphs from DennisIsland (Seychelles)
and Solomon Island (Chagos), (Piton, 1976)
2.1.3 Rainfall
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In January, tropical rainfall levels peak in the Central
Indian Ocean between 60 0E and 90 0E from 00 to lOoS where the ITCZ
is generally situated (Figure 49a). Rainfall is particularly
heavy on the east coast of Madagascar, and west of Sumatra.
Other high levels are recorded in July on the west coast of India
and in the northern extreme of the Bay of Bengal where atmos-
pheric pressure is very low. Heavy rainfall also occurs in
western Sumatra (Figure 49b).
In the western tropical Indian Ocean rainfall decreases from
east to west. Annual rainfall can be in excess of 3 500 mm in
the Chagos area, and generally lower than 1 000 mm to the west
(Figure 50). Rainfall is also heavy around the Seychelles during
the winter monsoon period while the season~l variation around the
Chagos is less pronounced. In Madagascar, there is a marked
difference in rainfall between the east coast which is exposed to
trade winds and the west coast bordering the Mozambique Channel
attaining more than 2 000 mm annually on the east coast and
1 000 mm in the west with as little as < 500 mm in the southwest
of the country. On the I1es G10rieuses (northwest of Madagascar),
there is a larger seasonal difference in rainfall than in evapo-
ration. Maximum rainfall in this area is observed during the
winter monsoons (Figure 51). From data on rainfall-evaporation
balance (observed throughout the western basin), Piton (1976)
considers the eastern part as a salt dilution area and the
western part as a concentration area.
In the southern area of the Bay of Bengal the rainy season
1 a s t s fro m Apr i 1 toN 0 ve mb er ( Fig u reS 2 ) • Yes a k i (1 982) f 0 u n d
that the heaviest rainfall occurred in July and August (based on
statistical data collected in 1979-1980). The average rainfall
for April-November, observed during these two years was 1 970 mm.
The annual average rainfall being approximately 2 250 mm.
Numerical simu1ations have been used to investigate relation-
ships between ocean temperature anomalies and rainfall on the
continents adjacent to the areas where the anomalies were
registered. Washington ~ al. (1977) proved that rainfall in the
north equatorial region from Somalia to Sri Lanka, particularly
on the Indian continent, was not affected significantly by the
temperature anomalies observed previously off the Somali coast
and in the eastern Arabian Sea.
During
atmospheric
active ITCZ.
2.1.4 Tropical Rain Storms
the northeast monsoon,
pressure becomes very
"wind
low,
bursts" can occur when
in association with an
Cyclones
to the Cocos
ratures are
oform in depressed areas: from the Seychelles (55 E)
o 0 0Islands (905 E)o' and from 6 S to 15 S. Water tempe-
high (28 -30 C) and there is a dense layer of
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humidity in the atmosphere. Active cyclone formation lasts from
December to April, with a maximum around January-February.
oCyclones generally travel westwards south of 8 S. The vulnerable
areas are the islands of the Mozambique Channel, Madagascar,
Reunion and Mauritius, whereas the northern Seychelles Islands
and Chagos Islands are off the usual trajectories. The movement
of these tropical depressions sweeps southward.
2.2 HYDROLOGICAL CONDITIONS
2.2.1 Ocean currents
2.2.1.1 Water masses
Before discussing the various water masses of the Indian
Ocean, the different surface water types are classifed by region.
This is done by using a T-S diagram which allows the various
zones depicted to be superimposed on a map of the Indian Ocean
(Pocklington, 1979) (Figure 53). The far left side of the
diagram highlights the warm waters of the Red Sea and Gulf of
Oman which are high in saline content, while the extreme right
(Eastern Indian Ocean) shows the warm waters and low salinity
bordering Indonesia where rainfall is heavy. Surface waters with
temperature below 22 0C range from 34.5% to 36%., and are situated
principally south of the Equator. There is one exception: this
concerns the upwelling off the Somali coast (8 0N-12 0N; 50 0E-54 0E)
whose characteristics are similar to those found in the Southwest
of the Indian Ocean.
The different water masses present in the Western Indian
Ocean have been described by many authors: Kimitsa (1968) in the
oMozambique Channel, Ivanenkov and Gubin (1960) between 10 Sand
SON, Quadfasel and Schott (1982) off the Somali coast. Magnier
and Piton (1973) were the first to report the results obtained
from cruises carried out in November and December 1970. Figure 54
is a comprehensive diagram showing surface and subsurface waters
in which tuna species are found:
(a) Surface waters:
mixed layer.
Large seasonal variations occur in the
from the Equator to 6 0S, the equatorial surface water has
an average saline content of 35.3%0·
o 0from 6 S to 22 S, east of Madagascar, the south equatorial
surface water comprises a layer of water 80 to 110 m thick. In
the northern section of this area, between 6 0 and 11 0S, salinity
is lowest in comparison to the rest of the entire western basin
of the Indian Ocean (minimum 34.5 0/00 to 34.8 0/00);
west of Madagascar, the Mozambique Channel surface water
varies in salinity during the seasonal changes, in relation to
the alternation between a rainy season (November-April) and a dry
season (May-October);
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around latitude
with tropical surface
coming from the south.
the
of
Mozambique Channel
higher salinity
water mixes
o(35.1/00),
(b) Sub-surface waters: occupy a layer from 100 to 200 m
thick, generally at the level of sharp thermal gradient, between
15 0 and 23 0C. Saline content is high (> 35.2 0/00), oxygen levels
minimal (except in tropical water) and nutrients content is
maximum. At the Equator, the same properties are found at depths
ofrom 60 to 150 m, and 300 m at 17 S.
oNorth of 10 S, the north equatorial sub-surface water
originates in the Arabian Sea (Donguy and Piton, 1969).
The east Madagascar tropical water is found in the
Northern Mozambique Channel at 1ro-120S, after passing around Cap
d'Ambre to meet the water systems of the north Mozambique
Channel.
The north equatorial water from the Northern Mozambique
Channel is situated between 12° and 17 0S; its physical and
chemical properties remain stable throughout the year (Donguy and
Piton, 1969).
The tropical
to 2~.
water and the north equatorial water mix at
Physico-chemical traces of the subsurface equatorial
counter-current are found at the Equator (Taft and Knauss, 1967)
the thermocline disperses, the salinity is maximum, corresponding
to maximum zonal speed bearing east.
In the Northern Indian Ocean, waters of the Persian Gulf and
the Arabian Sea are observed. The former is high in saline
content and density and flows south and east as far as the
western area of the Bay of Bengal, attaining 350 m in depth. The
water is probably formed during the southwest monsoon and extends
throughout the Northern Indian Ocean. It is characterized by
maximum salinity and minimal oxygen levels. The Red Sea water is
also high in saline content and extends from the east coast of
Africa to the north of Madagascar.
2.2.1.2 Surface currents
In the equatorial Indian Ocean, surface currents exhibit a
strong space and time variability. Inter-annual flow and
direction variations of the main currents as well as seasonal
changes (due to winds) on the surface strata and eddy type
situations have been recorded.
A description follows of the general
structure analysis which highlight the more
in the different areas of the Indian Ocean.
flow pattern and a
important contrasts
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Figure 51. Rainfall levels in the South west Indian Ocean:
a) Annual rainfall expressed in centimetres over Madagascar and the
coast of Africa (Schott. 1935 and Stoddart, 1971)
b) Rainfall and evaporation data registered by the meteorological
station on the Iles Glorieuses (piton and ~agnier. 1975)
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Figure 52. Monthly rainfall registered by the meteorological
station at the Phuket International Airport in
Thailand (Yesaki, 1982)
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Figure 53. Different types of water on the Indian Ocean surface (Pocklington, 1979).
Each area corresponds to one of 6 water types identified by saline content.
The letters correspond to the quadrants where the different waters are found.
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Figure 54. Charter of water masses in the Western Indian Ocean and Mozambique Channel
in November-December 1970 (Magnier and Piton, 1973)
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(Figure 55) : from the southern
The sou~~~_tori~~_current (SEC). Many authors have
observed this west-flowing stream (Wyrtki, 1962; Hamon, 1965;
Wyrtki, 1971, Citeau ~ ~l.~, 1973; Piton and Magnier, 1975;
Piton, 1976; Premchand and Sastry, 1976; Andrews, 1977; Fieux and
Levy, 1983). In the Eastern Basin, the SEC extends from 9 0 S to
14 0 S at a speed of approximately 1 knot. During its westerly
course the SEC expands from 100 to 20 0 S at 60 0 E and divides into
two main streams at about 16 0 S along the east coast of
Madagascar: the southern stream runs southwards parallel to the
coast of Madagascar; whereas the northern stream flows round Cap
d'Ambre as it accelerates to 3-5 knots. According to Ovchinnikov
(1961), to the north of Madagascar, the SEC carries with it a 300
m deep layer (500 m according to Premchand and Sastry, 1976) and
20 0 km wi de. The ann u a 1 q u a If,t St y_ 10 f wa t e r d i s P1 ace d b Y the SEC
has been estimated at 24.10 m s (Piton and Magnier, 1975).
When the SEC reaches the east coast of Africa, north of the
Mozambique Channel, it divides into two.
The south-bound stream starts a wide anticyclonic gyre in
the north basin of the Mozambique Channel while simultaneously
feeding (in part) the ~~~mbi~~~rren!. flowing south along the
African coast.
The north-bound stream generates the coastal East African
current. From June to September, the SEC spreads out northward
o 0(2 S to 5 S) due to the influence of the southeast trade winds.
The East African coastal current flows in a northerly
direction reaching the Equator, and sometimes crossing it.
During the southwest monsoon it is prolonged by the Somali
current, whereas during the northeast monsoon, a confluence with
the seasonal monsoon current which flows in a southerly direction
along the east coast of Africa is observed. The meeting point
varies from year to year, and throughout the season according to
the strength of the northeast monsoon (Donguy, 1974 and 1975).
Th ~~2.E~_~~<?_..r i a~~0 u n t e r - ~~!:. re n!. (S ECC) f lowsin an
easterly direction from December to April, between the SEC and
the northeast monsoon surface drift. It is essentially a seasonal
current which corresponds to the northeast monsoon period. Its
latitudinal extension varies from one year to the next as well as
during the season. At its widest point (end of the northeast
mo n s o o n ) it can spread from 2 0 to 9 0S. The SECC travels 6 at 3 1.=. rknots. In December and April, the flux is about 1.10 m s
(Piton and Magnier, 1975). During the southwest monsoon, the SECC
disappears leaving cyclonic eddy movements which develop at the
Equator between the SEC and the southwest monsoon drift (Piton,
1976).
43
The equatorial jet is exclusively seasonal; it moves in an
easterly direction along the equatorial belt, reaching a speed of
2-3 knots. It can be observed only during the inter-monsoon
periods (April-May and October-November). Wyrtki described it for
the first time in 1973 and it was then studied by many authors
(Luyten et a L; , 1981; Reverdin et al., 1983). The stream flows
a 1 0 n g t h-e- Equa tor a t t a i n i n g a wi d~ 0 f 5 0 0 km. The p r i n c i pal
cause for the existence of the current are the westerly winds
which blow on the equator at the end of the monsoons during the
transition periods. The ocean quickly responds (approximately in
one week) and the jet becomes strongest in the central part of
the ocean (between the Ma1dives and the Chagos Islands), before
slowing down after a month, due to internal waves moving from
east to west. Knox's study on currents (1976) around the Isle of
Gan (South Ma1dives) confirms this double annual occurrence as
well as the variations in speed of the jet.
The north e~oria1 current (NEC) also known as the
"northeast monsoon drift" flows in a westerly direction and is
exclusively dependent on the northeast mo n s o o n , The NEC moves
through most of the northern hemisphere, extending as far as 2 0S
in the southern summer. Marsac and Ha11ier (1985) have observed
it at 2 0N and 55 0E in November 1984 before it proceeds southward.
This current is capable of forming whirl type movements even
200 km wide, as observed in the south Arabian Sea (Kosh1yakov et
al., 1970). -
The Somali current is the most pronounced and the most
spectacular oceanic response to the onset of the southwest
mo n s o o n , It should be remembered that the atmospheric jet off
Somalia from July until September is strong, reaching 35-40
knots. The'resu1ting circulation along the coasts induces a
reaction of unique intensity (except occasionally off the coasts
of Brazil). The water 6mass it cfinJe:Jf comprises a layer 200 m
deep estimated at 40-10 to 50.10 m s (Swallow and Bruce, 1966)
which can attain a s p ee d of 7.4 knots at latitude 4 0S (Duing ~
al., 1980). The water mass is related to the strong coastal
up~e11ing which will be discussed later.
Following time series data available for the months of May
and June, from 1900 to 1973, Swallow and Fieux (1982) indicate
the existence of two anticyclonic eddies associated with the
Somali current (Figure 56).
The intensity of th south eddy shows large variations from
o
one year to the next. It is centred on the Equator west of 50 E.
000The north eddy spreads from 4 -9 N, east of 50 E, and persists
after the southwest monsoon ends. Traces of it remain until the
beginning of the following nor~h~a~2 monsoon. The mas~ ~1~~
moving eastwards drops from 26.10 m s in October to 7-10 m s
in December (Bruce ~ al., 1981).
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Figure 55. Surface currents in January, April, July and October (Fieux, 1985)
Description:
SC
SE
NEMD
SEMD
SECC
EACC
SEC
WJ
JC
MEC
LC
AD
Somali current
Somali eddy
Northe:ast Monsoon Drift
South east Monsoon Drift
South Equatorial Counter Current
East African Coastal Current
South Equatorial current
Equatorial Jet
Java current
Madagascar East current
Leuwin current
Antarctic drift
JUNE
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Figure 56. Surface currents recorded by
R.M.S. Discovery in the Somali
basin in June 1979. The arrows
indicate the points of observa-
tion (Swallow and Fieux, 1982)
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During the northeast mo n s o o n , the current flows southward
along the Somali coast. There is a complete inversion of the
direction of the flux which modifies the hydrological physionomy
of the whole region and ensures the arrival of warm water towards
the coast in the very area of the summer upwelling.
Vertical profiles of the currents made on the Equator
indicated the existence of an east-flowing undercurrent. It is
active only after the northeast monsoon comes to an end (Taft and
Knauss 1969, Swallow, 1969). This is to be noted as it makes up a
layer accessible to surface gears (purse-seines) operating in
depths of 50-120 m. It seems that the undercurrent is affected by
a strong interannual variability, as its existence is associated
principally with the winds blowing around the Equator during the
previous months (Cane, 1980, Knox, 1976). Vertical profiles have
illustrated in the deeper layers the existence of various jets
moving in opposite directions. These subsurface jets recorded
from 2 0N to 2 0S are stronger and last longer in the Western
Indian Ocean than at the centre or the east. Figure 57 shows the
pattern of surface currents in the western basin of the Indian
Ocean.
Here follows a description of the enrichment process
associated with the dynamics of the subsurface layers considered
above. The Mozambique Channel, the Seychelles area, the Somali
coastal area, the Arabian Sea, the Bay of Bengal, west Sumatra
and northwest Australia will be reviewed.
Circulation is strongly influenced by the topography of the
sea bed. The hydrological atlas of Piton et ~ (1981) illus-
trates the anticyclonic gyre situated in the north basin,
associated with a water convergence in the centre. The average
depth of the mixed layer is 100 m, from July to September, during
the cool season of the northern winter monsoon. Isotherm 20 0C is
found at a depth of 180-200 m. Current variations were recently
observed in the channel's southern basin; Saetre and Da Silva
(1984) found a converging eddy. At 16 0S-18 0S, an inverted circu-
lation (cyclonic) would separate the two eddies during the
southern summer (Figure 58a). In the southern winter, the north
eddy would spread towards the southern basin, as the cyclonic
circulation previously mentioned was disappearing (Figure 58b).
Upwellings have been recorded west of the Grande Comore Island,
west of Cap d'Ambre (Madagascar), Cap Delgado (Mozambique) and
Juan de Nova. This results in nutrients being brought to the sur-
face waters (Piton and Poulain, 1974). Menache (1961) revealed
similar upwellings around 25 05 and 40 05 in the south Mozambique
Channel. Upwelling can also be found off Fort-Dauphin
(Madagascar) according to Piton and Magnier (1973).
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- The Seychelles region
Hydrologically contrasted, the Seychelles and neighbouring
banks are situated in a belt where monsoons are alternating. The
continental slope extends along 1 500 km; this area can be
crossed by the south equatorial current and the south equatorial
countercurrent. Resulting topographical effects cause seasonal
changes on the surface layer. Upwelling was recorded by Piton
(1976) in the southeast Mahe bank in April-May 1974, at the end
of the northeast monsoon while the south equatorial counter-
current is flowing strong. This is to be related with the effect
of an island on a current. During the southwest monsoon (south-
easterly winds blowing on the Seychelles), data seem to indicate
that a similar phenomenon can be found off Saya ~e Malha banks,
from 8 0 to 11 0S and 59 0 to 60 0E.
are:
SECC
NEC.
Two major characteristics of the area which should be noted
in the south part the divergence between the SEC and the
and the convergence, in the north, between the SECC and the
The divergence is observed at the boundary of two currents
flowing in opposite directions (the SEC flowing west while the
SECC is flowing in an easterly direction). In fact, there is no
real form of upwelling which would cause cold spots of water on
the surface. tn the best case, a slight drop in water tempe-
rature, as in January 1982, may occur (Marsac, 1982). Usually,
the warm mixed layer reduces to 20-30 m. The thermocline becomes
dome-shaped, and very noticeable: the vertical thermal" gradient
is in excess of 4 0C/I0 m (Figures 59 and 60).
The position of the divergence varies from one year to the
next according to the intensity of the northeast monsoon
(north-westerly winds around the Seychelles) and also during a
same season. Marsac and Hallier (1985) located it at 6 0S-7 0S in
Apr i 1- May 1 984 • I n Ma y 1 983 , Po tie ran d Ma r sac (1 984) p 1ace d i t
o 0
at 8 S, south of the Seychelles, and at 7 S around the Chagos
Islands. In April 1983, it was again recorded at 8 0S, towards
SSoE, whereas in May 1981 during the SINODE 5 survey, it was
recorded further south, at 9 0S (Fieux and Kartavtseff, 1985).
From the above data, the divergence can be considered to occur
between 6 0S and 9 0S.
The convergence zone is situated north of the Seychelles. It
is characterized by a thick mixed layer. In February 1982, the
thermocline was located at approximately 100 m depth and showed a
vertical thermal gradient in excess of 4 0C/I0 m (Marsac et a L,. ,
1983). The convergences are the areas of concentration of~orage
biomass for high trophic level species, as well as drifting
debris which have an aggregative effect on tuna species (this
will be explained later). Hence, the period and the meeting
points of the surface current convergences become of great
interest. The convergence of the SECC and the NEC takes place
-" " 0
during the northeast monsoon around 2 S. However, during the rare
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Figure 57. Surface currents in the Western Indian Ocean (updated
by Stequert and Marsac, 1984)
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Figure 58. Atmospheric circulation over the Mozambique Channel:
a) in Summer
b) in Winter
(Saetre and Da Silva, 1984)
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Figure 59. North-South projection of the south-equatorial
current and the equatorial counter-current between
50 0E and 55 0E in May 1981 (Fieux and Levy, 1983)
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Figure 60. Graph illustrating vertical thermal gradients registered in May 1984
on the divergence line southeast of the Seychelles.
VTG = Vertical thermal gradient (Marsac and Hallier, 1985)
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Figure 61. Weekly surface water temperature levels registered by satellite
(NOAA/COSSTCOMP Program) at the beginning of the southwest monsoons
from 1982 to 1984 (1983 figures are higher than in 1982 and 1984)
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Figure 62. In situ surface temperatures registered
during the southwest monsoon in 1979,
(Brown ~ al., 1980)
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This region is subject to a quick oceanic response to
seasonal climatic changes. The most spectacular event is a strong
coastal current, starting in May-June, which later flows away
from the coast forming two eddies, one to the north of the Somali
Basin, the other to the south. The consequent upwelling is
visible soon after the beginning of the southwest monsoon. The
surface water temperature changes suddenly from one week to the
next during this period. This occurrence may be observed on the
weekly satellite maps reproduced in Figure 61, covering the last
week preceeding the upwelling and the first two weeks of the
upwelling. Coastal temperatures drop by 3 0C; this phenomenon
occurs generally during the first three weeks of June and lasts
until September. In 1979, the maps indicated the presence of two
cooler areas (Brown et al., .1980); each of them representing a
d e v i a t ion 0 f the e x i sti ~%-wate r f low now he a din g a way fro m the
coast, approximately at 4 Nand 8 0N (Figure 62), which was often
observed by Swallow and Fieux (1982) at these latitudes. The
lowest surface temperatures (17 0C in 1979 and 13.2 0C in 1964) are
recorded for the north Somali coast. These values are usually
found between 100 and 200 m depth.
Convergences are created at the centre of the eddies: the
thermocline is pushed down to around 150 m depth at latitude
9 0N-10 0N, and to about 100 m depth in the south eddy (Figure 63).
This thick mixed layer lasts as long as the southwest mo n s o o n ,
Traces of it can be found also at the beginning of the northeast
monsoon (December).
The inversion of the Somali current that is influenced by the
northeast monsoon generates advection of water towards the coast.
- The Arabian Sea
found an
near the
Rao and Jayaraman (1966)
a divergence of currents
From May to September the current flows along the Saudi
Arabian coast and starts a gyre in the northernmost part of the
Arabian Sea, along the Pakistan coast. This generates an
upwelling alongside Oman which is felt 2DO to 400 km away (Figure
64). But on the other hand, the fall in temperature is slight
off Pakistan. These two upwellings are not as important as the
Somali one (Smith and Botterim, 1977). However Swallow (1984)
points out that the situation observed in the Arabian Sea, namely
an upwelling reaching far out to sea and moderate currents, would
be more favourable to biological production than off Somalia.
There seems to be an eddy with a convergence (thermocline at 80 m
depth) between the two areas of upwelling (Oman and Pakistan).
Around Minicoy (8 0N-73 0E),
upwelling probably caused by
island, in November.
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Figure 63. Variation chart. Isotherm 20QC
(situated in thermocline)
between 00 and l2QN in the
Somali Basin (Fieux and Levy,
1933)
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Figure 64. Current at a depth of 20 m
-.".-.-~r_,,"_,~~rT~- and position of converging
eddy (Quraishee, 1984)
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An upwelling in conjunction with the southwest monsoon whose
maximum intensity would be reached in July-August was observed by
Banse (1959) along the southwest coast of India.
- Th~~~~ of Bengal
An upwelling forms on the east coast of India, mainly along
the Waltair coast (16 0N-17 0N) between January and July, while a
coastal current flows northeast (Lafond, 1954, Varadachari,
(1956). An inverse situation arises in September-December: the
current bears southwest, surface water is driven inshore. Another
upwelling, much weaker than that described above, occurs before
the summer monsoon, off Madras (13 0N) in southeast India (Murthy
and Varadachari, 1968).
Yesaki (1982) reported an upwelling along the west coast of
Thailand in the AndamanSea when the east wind blows from
December to April. Since the upwelled cold water remains at
subsurface levels, a strong vertical stratification of the water
occurs (9 0e difference between 0 and 100 m depth). When the
westerly winds blow, from July onwards, the warm waters reach the
coast and at that point, the difference in temperature between
the surface and the 100 m depth is only 3 0C.
- West Sumatra
The mixed layer gradually thickens along the Equator between
80 0 and 1000E. Given that the currents flowing east in the
equatorial region are noticeable only during the inter-monsoon
periods, it is during these and the two following months that the
thermocline's maximum depths were observed (Wyrtki, 1971): in
Maz-June, the thermocline exceeds 100 m depth over a large area
(2 N to 2 0S-80 0E to 1000E); in November-December, it is along the
west coast of Sumatra where the thermocline deepens signifi-
cantly. The vertical thermal gradient exceeds 5 0e/lO m from May
to August in this area.
Marsac and Stequert (1984) drew up the convergence pattern
during the 1984 southwest monsoon as well as locating the area in
which it takes place (Figures 65 to 69). In July, convergences
were observed along the Equator and at 5 0S. A divergence was
created in the middle position (2 030'S). In August, a single
convergence remained, along 2 0S. During these two months, the
thermocline was located around 100 m depth, with a strong
vertical thermal gradient in excess of SOC/lO m.
- The northwest coast of Australia
The two currents originating in this area are the Leuwin
current which flows along the coast in a southerly direction and
soon leaves the tropical zone, and the south equatorial current.
During the activities of the the TOGA international programme
(Tropical Ocean and Global Atmosphere) many drifting buoys were
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Figure 66. Bathythermic patterns
in July 1984 and August
1984; (A, B, e, located
in July 1984; D and E
in Auzust 1984) ann
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(Marsac and Stequert,
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Figure 67. Bathythermic readings taken
on "A" from July 8 to
July 12, 1984 (Marsac and
Stequert, 1984)
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Figure 68, Bathythermic readings taken
on "e" from July 7 to
July 27, 1984 (Marsac and
Stequert, 1984)
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Figure 69, Bathythermic readings taken
on "E" from 7 August to
August 17, 1984 (Marsac and
Stequert, 1984)
54
O·
~-=-------I20'N
80'
'} 12 - 5
60'
1-----:-----+-------+------!----------,,..oI20·5
®
O·
100'E
E::;::] divergence
80'
.lconvergence
6-9
I--- -+--------+-------+-----~~20' 5
• upwelling
Figure 70. Maps illustrating areas of known upwelling, convergence and
divergence: a) during the northea.st monsoon,
b) during the southwest monsoon.
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launched. They indicated a westbound flow probably originating in
the north (Indonesian archipelago) before being diverted westward
by the Australian continent (Cresswell, 1985).
oObservations made by the Australian teams along 110 E during
the International Indian Ocean Expedition, recorded an upwelling
at 12 0S (between Australia and Sunda Islands) in winter. This is
the most noticeable seasonal variation in a region which
generally shows a relatively constant hydrological pattern
(Highley, 1968).
Figure 70 illustrates the upwelling,
gence areas (deep upwellings which remain
in the Indian Ocean.
convergence and diver-
at sub-surface levels)
2.2.2
2.2.2.1
Surface temperature
General situation and trend
According to the Atlas of Hastenrath and Lamb (1979) (Figure
71), surface water temperature remains stable over a large area
of the tropical Indian Ocean and particularly during the north-
east monsoon. Surface temperatures near the Equator often exceed
28 0C. The upwelling along the Oman and Somali coasts causes water
temperatures to drop considerably. Thermal fronts delimit these
upwelled waters. Beginning in June, upwellings last until August
in Oman, and until September in Somalia. They are sufficiently
strong and regular from year to year to appear on maps overaging
60 years of observations. Other areas may cool through wind
action and heat exchange processes with atmosphere. During the
o
northeast monsoon, the thermal Equator can be found between 5
and 15 0S, and from 0 0 to lOoN during the southwest monsoon.
Surface temperature analyses on a shorter time basis (one
week, for example) show great movement for some regional
patterns. From JanuarJ to April, from the Equator to Madagascar,
warm water pools (>29 C) appear and thermal fronts are created at
the boundary. However, it seems unlikely that these quick
developing warm water pools can generate a trophic chain due to
their short duration and to the high temperatures registered.
From June to September, during the Somali upwelling and winter
cooling process which affects the southern hemisphere, regular
o 0frontal zones are found from 5 S to 5 N, north of the Seychelles
(55 0E), and with more important inter-annual variations, similar
. 0 0 0 0
structures r a n g r n g from 5 S to 10 S between 65 E and 75 E. The
relevant temperatures (25 0 to 27 0C) are a border line between a
o 0 0 0
warm water pool (28 -30 C) between 0 and 5 Nand colder waters
originating along the east African coast or in subtropical
regions (Marsac, 1983).
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Figure 71. Monthly surface temperature distribution from July to December
(Corrt , ) (Hastenrath and Lamb, 1979)
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2.2.2.2 Seasonal temperature variations in Western Indian Ocean
Preliminary thermal analyses were carried out in the
different sections of the Western Indian Ocean according to the
data available from satellite-transmitted weekly reports through
the GOSSTCOMP Programme. The analyses covering the years 1979,
1980 and 1981 will be further extended to the period 1982-1985.
The similar temperature patterns recorded on elementary strata
(2 0 latitude x 50 longitude) wer regrouped and made it possible
to describe t y pLc a L thermal patterns for the regions included
bet wee n 6 0 N- 14 0 San d 40 0 E- 7 50 E • The n, se ve n re g ion s we rei den-
tified (Figure 72).
Figure 73 shows that the seasonal temperature variation
decreases from the coastal sections (1 to 4) to the sections (2,
3 and 6) situated further offshore. The highest temperatures are
similar in every section (from 28.5 0 to 29 0C); while the lowest
temperatures are recorded near the African continent «23 0C along
the Tanzanian and Kenyan coasts). The waters comprised in the
sections situated in the centre of the Western Indian Ocean basin
(sections 2,3 and 6) remain warm all year long. The more
southern waters (sections 4, 5 and 7) reach maximum surface
temperature from January to May and minimum temperature in
August.
affected by two cooling events (double cycle of
In August, the drop in temperature could be
and to an upwelling water dispersion mix which
north of this section.
Section 1 is
cooling-heating).
attributed to wind
takes place to the
2.2.3 Surface salinity
Surface salinity helps identify the origin of different water
masses (see paragraph 2.2.1.1). Bi-monthly average surface
salinity levels are illustrated in Figure 74, from the Wyrtki
Atlas (1971).
The strongest haline discontinuities are observed in the
Northern Indian Ocean. The Arabian Sea encompasses highly saline
waters (from 35.5 0 / 0 0 to more than 36.6 0 / 0 0 , increasing towards
the north) due to the excess of evaporation over rainfall. On the
other hand, in the Bay of Bengal where heavy rainfall is recorded
in summer and where the water volume from bordering rivers is
also high, salinity is low «32 0 / 0 0 in the most northern part of
the Bay). Surface currents drive these water masses and haline
fronts are then created. In January-February the northeast
mo n s o o n drift appears as a low salinity tongue-shaped band
«35 0 / 0 0 ) as far as 60 0E. The south equatorial current disperses
its low saline content waters from west Sumatra to the African
coast in March-April. Low surface salinity is maintained by heavy
rainfall occurring in the intertropical convergence zone (ITCZ).
In November-December, the waters flowing from the Arabian Sea
reach their most southerly point, towards the Equator. Another
tongue-shaped band with higher saline content is found along the
Somali coast in January-February in the Somali current.
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2.2.4 Dissolved oxygen and nutrients
The way in which these data relate to fishing will be
discussed later. The first parameter partly conditions tuna
distribution, whereas the presence of nutrients can induce the
development of trophic 1 eve 1 s •
2.2.4.1 Dissolved oxygen
The surface waters are slightly oversaturated in the tropical
part of the Indian Ocean (from 4.7 to more than 5.0 ml/litre).
Lower levels are found along the northwest coast of Sumatra «4.0
ml/l). On the other hand, from a depth of 100 m, the levels vary
greatly from the Northern Indian Ocean (Arabian Sea, Bay of
Bengal) where less than 2 ml y I are registered, to the Southern
Indian Ocean where the content increases from 3 mlll at lOoS to 5
mlll at 20 0 S (Figure 75). The minimum oxygen layer (2.8 ml v I on
the Equator) becomes deeper and thickens from 60 to 150 m on the
oEquator to 100-300 m at 20 S.
These variations in dissolved oxygen underline the difference
between the Southern Indian Ocean, which is an "open" ocean where
levels are greater than 4 mI ZL, and the Northern Indian Ocean
(above lOoS) which is "closed" by the African and Asian conti-
nents and where waters are renewed slowly (approximately 50 years
for a layer ranging between 75 and 1 200 m). Dissolved oxygen
levels are lower than 3 mlll except for the Somali coast where
the water is renewed in oxygen by the upwelling occurring during
the southwest mon s o o n , In the Northern Arabian Sea, in winter,
surface waters sink and help restore oxygen to subsurface layers.
The low dissolved oxygen levels found in the Arabian Sea are due
to excessive consumption, principally because of organic debris
oxydation, and to the loss of oxygen along the way of the water
flow responsible for oxygen regeneration (Swallow, 1984).
Currents play therefore an important role in the redistribution
of dissolved oxygen: the south equatorial current brings water
relatively rich in dissolved oxygen to the African coast; then,
the Somali current drives that water northwards while regene-
rating it in oxygen, during the southwest monsoon. The sudden
drop of dissolved oxygen levels in the Bay of Bengal largely
depends on the thermohaline stratification which reduces the
vertical exchange processes.
2.2.4.2 Nutrients
Nearly all the marine biology activity is concentrated in the
upper layers. Photosynthesis processes, the first step ending
with the large predator species all along the trophic levels,
require the mineral substances concentrated in deep offshore
waters. Upwellings mainly recirculate these vital substances.
Another important source of enrichment, particularly significan§
in the Northeast Indian Ocean, comes from rivers (3 000 km
representing 9% of the world's total in only 3% of the total
ocean surface).
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Figure 75. Dissolved oxygen levels (in ml/l)
a) at 100 m
b) at 200 m
(Wyrtki, 1971)
Figure 76. Distribution of phosphate
values (in uatg/l) in
surface waters:
a) from February to May
b) from July to September
(Rocheford, 1967)
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Ocean by latitude from February to April,
(Piton and Magnier, 1975)
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Nitrates (N03) and phosphates (P04) will be examined in a
general way. Due to the seasonal nature of the coastal upwellings
in the Indian Ocean, seasonal variability of the nutrient dis-
tribution in the surface layers can be expected. Rocheford (1967)
mapped the distribution of phosphates during each monsoon period
(Figure 76): he showed that the richest areas were in the
Northern Indian Ocean. Minimum quantities were observed east of
o90 E during the northeast monsoon «0.10 uatg/l) whereas the
contents are in excess of 0.25 uatg/l west of 60 0E. During the
southwest monsoon, upwellings developing in the west cause
significant increases of nutrient concentration in the surface
waters: from 1 to 1.5 uatg/l of P04, and more than 10 uatg/l of
N03 (Smith and Codispoti, 1980; Wyrtki, 1971). The southwest
monsoon drift distributes these contents towards the Eastern
Indian Ocean.
The divergence located south of the Seychelles is also an
important enrichment factor. Cushing (1971) describes it as being
a potential high production a~ea ~hich seems to be the most
extended in the Indian Ocean (10 km). Piton and Magnier (1975)
found a rise in nitrate content along the divergence line fro,
February to April with values ranging from 2ess than 100 m atg/m
at 4 0S-5 0S (also at 16 0S) to 600 m atg/m at 9 0S-lO oS (Figure
77). These results were compared to those observed by Le Bourhis
and Wauthy (1969) in the Pacific on the same latitudes where a
similar structure is found. In the Indian Ocean they show twice
the values observed in the Pacific at i o?s • However, it seems
there can be a large interannual variation of the nutrient
contents found in this part of the Indian Ocean.
The Southwest Indian Ocean area has high enrichment poten-
tialities of the surface layers due to the seasonal movements of
the divergence (5 0S to lOoS and particularly when vertical mixing
is induced by the wind or by eddies occurring near islands and
banks. The most likely season for the enrichment processes to
occur is when the southwest monsoon blows. Nevertheless, strong
winds (even cyclones around lOoS) during the northeast monsoon
when the thermocline is shallow (particularly within the area
crossed by the south equatorial counter current) can help to
enrich surface layers.
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3. EFFECT OF ENVIRONMENTAL CONDITIONS ON PRODUCTION
The nutrient enrichment in surface waters initiates a food
chain starting with vegetal micro-organisms, the phytoplankton,
and evolves temporally and spatially before ending with the large
predators. This chain is made up of 3 levels:
A primary level consisting of phytoplankton which
synthesizes organic matter from nutrients through the use
of light energy.
A secondary level, including the vegetarian animals
(zooplankton) which feed on the micro-organisms in the
preceding level.
A tertiary level, which is very widespread, beginning
with the animals feeding on zooplankton (first order
carnivores) to the large predators (second order car-
nivores) of which the tuna species form part.
The first two levels will be described simultaneously, high-
lighting those areas of enrichment identified in the preceding
chapter. The consequences for the tertiary production will be
analysed afterwards. Finally, based on the environmental condi-
tions already described, an attempt will be made to identify the
most suitable areas in which large tuna species are most likely
to concentrate.
3.1 PRIMARY AND SECONDARY PRODUCTION
Maximum chlorophyll a values (indicative of photosynthetic
activity) are attained quickly in areas of upwelling or diver-
gence. Piton and Magnier (1975) described the process of vegetal
production with depth in the divergence areas of the Western
oIndian Ocean. The highest values were found at 11 S at depth
ranging from up to 80 m, in the thermocline and in the layer
where highest nitrate concentrations were recorded. In spite of
the potentially aVaflable nutrients, chlorophyll ~ levels
averaged only 20 mg/m in the first 100 m, which led the authors
to assume that the zooplankton, whose dry weight averaged only
less than half of that measured in an eutrophic area near
Madagascar, was grazing heavily.
In the Arabian Sea, phytoplanktonic b Lo oms of Trichodesmium
were found during the southwest monsoon (Qasim, 1970) due to
greater coastal upwellings. On the western half of the Arabian
Sea some of the highest production levels ever recorded in the
entire Western Indiar Ocean were measured. These exceeded 1 g of
assimilated carbon/m /day.
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Figure 78. Quantities of surface chlorophyll a (measured in mg/m3) recorded
during the ANTON BRUUN's (R/V) 8th-cruise from September to
November 1964 in the Mozambique Channel (Sournia, 1972)
90'E 110'
AUSTRALIA
130'
Figure 79. Zooplanktonic biomass values recorded in the initial 200 m
between Indonesia and Western Australia (Tranter, 1962)
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In the Mozambique Channel. the most outstanding primary
production areas are situated along the coast of Mozambique off
Cap St-Andre (Madagascar) as well as in Juan de Nova. an island
which is rich in phosphates. derived from seabird guano (Figure
78). Along the African coastline. river flow is responsible for
regeneration of the ,environment with chlorophyll a values
exceeding 1 mg/litre (Mordasova. 1980). In front of Cap St-Andre
where another current divergence is located. chlorophyll a values
average 0.4 mg/l (Sournia. 1972). In a general sense there is a
higher plankton biomass in neritic waters than in oceanic waters.
A smaller or larger extension of the continental shelf is suffi-
cient to explain the differences in phytoplanktonic concentra-
tions: the values measured in Tulear (South Madagascar) are
generally lower than those measured in No s s Ls-Bji (northwest of
Madagascar) where a large plateau stretches off th~ coast.
Around the Seychelles. during the more suitable periods for
the formation of upwellings along the plateaux. chlorophyll !!.
values ~easured in the first 1pO m deep layer. were greater than
40 mg I m co mpar e d t 0 20 mg I m mea sur e d 0 f f &.z.h 0 re. In the s a me
way. zooplankton 2dry weight ranged from 3 g/m on the continental
slope to 0.5 g/m offshore out at sea (Piton. 1976).
Chlorophyll ~ concentrations to the northwest of Australia
are h i g~e r i n win t er. ape r i 0 din wh i c h the rei san up wf 11 i n g
near 12 S. Chlorophyll!!. values between 10 to 30 mg/m were
registered in the water columns between 0 and 150 m (Highley.
1968). The areas richest in zooplanktonic biomass (Figure 79)
coincide with those where photosynthetic activity is high, namely
along the northwest coast of Australia and in the upwellings
area (Tranter. 1962). Highest production is attained in August-
September and February-March.
3.2 IMPLICATIONS FOR TERTIARY PRODUCTION
3 .2 • 1 General
Plankton proliferates in moving water masses. This means
that from the initial enrichment zone. water masses will be
subject to a "maturation" process. during which a succession
takes place of the various links of the food chain. This would
seem to indicate that concentrations of predators. and tuna-like
species in particular. will occur outside the upwelling areas
along the nearest·convergences.
The trophic level attained at a point in time t will be
proportional to the distance covered by the water mass. and the
area of potential concentration is related to the speed and the
direction of the current which has moved this water mass. How-
ever. this is purely theoretical: the need for a regular supply
of mineral nutrients in the enrichment area for a sufficiently
long time (several weeks) would eliminate ephemeral phenomena;
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moreover t if a direct relationship between the available mineral
substances and phytoplankton production is observedt it is
impossible to predict the amount of potential biomass available
at the end of the food chain due to a complex succession of
events which take place during the maturation process: the
effects of predation are multiple and difficult to understand;
furthermore t the future of a given water mass which has been
enriched in organic matter is dependent on the physico-chemical
processes to which it would be subjected during transport.
3.2.2 Tuna-environment relationships
Tuna have a high metabolism and an internal temperature
higher than that of their environment t a characteristic of these
species. Tuna are constantly engaged in the search for suitable
areas in which to ensure their survival. Consequently they spend
their whole lives swimming t and their resulting high energy con-
sumption requires them to absorb daily large quantities of food
which can attain as much as 15% of their total weight. As a
r e s u l t; , the areas of tuna concentration are by no means casual t
and migration takes place according to "hydrological routes" in
which each species finds the optimum environment for survival in
every stage of its existence.
3.2.2.2 Ph~~~~[lcal tolerances in tropical tuna
Physiological tolerances differ from one tuna species to
another. Laboratory tests (Barkley ~! ~~t 1978) carried out on
skipjack suggest that temperature and oxygen aspects alone could
suffice in determining an ideal habitat.
Dizon et al. (1977) confirmed the lowest critical water tem-
- --- 0perature for skipjack at 15 C. An analysis based on sea tempe-
rature and skipjack catches in the Eastern Pa c i fI c , indicated
that catches decreased in temperatures below 20 0C (Williams
1970) and that catches were nil in waters below 17 0C. Highest
water temperatures for skipjack are 33 0-34°C (Dizon ~! ~~t
1977). These temperatures are not found in natural environments.
The minimal dissolved oxygen value in which skipjack are known to
survive is between 2.5 and 2.8 mIll.
Sharp (1979) estimated the limits of temperature and oxygen
necessary for the survival of three other species (Table 7). The
level of dependence on these two parameters will vary in the
course of their life span according to their morphological and
physiological condition.
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Table 7
OPTIMAL TEMPERATURE AND MINIMUM DISSOLVED OXYGEN
REQUIREMENTS VALUES BY SPECIES (Sharp, 1979)
Tuna species
Skipjack
Yellowfin
Bigeye
Albacore
Optimal temperature
range
20 0 to 32 0 C
23 0 to 32 0 C
11 0 to 23 0 C
150 to 22 0C
Dissolved oxygen
values
tolerated for
10 minutes
by fish
measuring
between
50 and 75 cm
2.5 to 3.0 mill
1.5 to 2.5 mill
0.5 to 1.0 mill
1.7 to 1.4 mill
The first problem confronting the tuna is how to remain in
the water column; their behaviour varies according to whether
they have a swim bladder (genus Thunnus) which reduces body den-
sit Y 0 r not ( ski p j a c k , for e x a mPi-;)-.-- Ski p j a c k are 0 b 1 i g e d to
swim increasingly faster as they grow in order to maintain
constant depths, a procedure which requires increasing intakes of
oxygen. Yellowfin have swim bladders which grow with age; this
enables them to reduce speed as well as oxygen intake. Bigeye
tuna retain their swim bladders throughout their lifespan and
consequently require less oxygen.
The second problem is water temperature in that juvenile tuna
species do not have a fully developed thermoregulation system and
therefore have to swim within narrower thermal boundaries. On the
other hand the older individuals can swim deeper. Barkley et
~~ (1978) suggest that juvenile skipjack are limited to sWimmi~g
within the warm and oxygen saturated mixed layer of the
thermocline whereas the older skipjack will move in the layer
which is less oxygenated (due to organic decomposition and poor
renewal of water).
The above data highlight only optimal habitats and not exclu-
sive ones. Sonic tagging experiments by Bard and Pincock (1981)
as well as Levenez (1981), showed that yellowfin and skipjack can
swim deeply into theoretically lethal layers. Duration and fre-
quency of these dives are not well known. In the Western Indian
Ocean purse-seine tuna fishery, Marsac ~~ al. (1983) through
echosounding could follow fish escaping under the net, within
waters where temperatures are 5 0-8 0C lower than the minimum
temperatures reported in Table 7.
3.2.2.3
69
Hydrological structures affecting the distribution of
tuna
The hydrological structures that can affect tuna
are generally discontinuities t especially those
temperature and salinity.
distribution
relating to
Surface water temperatures can show strong gradients
(thermal fronts) especially around upwellings or during cooler
winter p e r i o d s , or for example when c o l d e r subtropical waters
reach equatorial areas. Many authors have studied the relation-
ship between tuna concentration and thermal fronts; the most
marked relationships were found in the East Atlantic by Gallardo
and Le Guen (1972) and Stretta (1977). In the Western Pacific t
yellowfin abundance showed a seasonal cycle in relation with
winter cooling when thermal fronts are created (Petit et al. t
1980; Petit and Marsac t 1981; Petit and Gohin t 1982). Up to nOWt
in the Western Indian Ocean t the southwest monsoon is the period
when substantial catches of tuna were made close to thermal
fronts (Marsac and Hallier t 1985).
Another kind of thermal discontinuity between the warm
mixed layer a nd the subsurface layer is the t h e r mo c l Ln e , which
delimits two water masses with different densities. Its cha-
racteristic is a verical thermal gradient depicting the water
column stratification. In some areas of the Eastern Tropical
At La n t Lc , Mendoza et ale (1982) observed that the purse-seine
yield increased along with the vertical thermal gradient. In the
Western Indian Ocean t Marsac and Hallier (198S) found significant
increase in cpue in the divergence areas where maximum vertical
thermal gradients (4 0_S o C/10 m) were reached during the previous
month. This divergence led to an accumulation of nutrients in
the euphotic layer. Later t the mixing due to strong winds at the
onset of the southwest monsoon generated an intense organic
production in the subsequent weeks.
- Salinity levels as well as their variations in the ocean do
not seem to be factors affecting the distribution of tuna.
However t they do characterize water masses which may help to
identify more potentially favourable fishing grounds. South of
Japan the best skipjack catches occurred during years when water
temperatures were predominently hiBher than average and lower in
salinity (34.81 0/00 against 34.87/00). Barkley (1969) demons-
trated that skipjack in the tropical Pacific tended to spawn in
low salinity surface waters floating above the subsurface layer
with maximum salinity. In spite of very active sampling few
larvae were found outside of this hydrological pattern. Finally
in the Western Pacific Ocean the salinity level of 34~/00
delimits convergences along SON and SOSt when easterly winds
prevail: skipjack are caught mainly along this isohaline within
the lower salinity waters (Donguy ~ ~~t 1978; Bour ~~ al. t
1981).
FIRST QUARTER
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THIRD QUARTER
SECOND QUARTER FOURTH QUARTER
Areas where oxygen ratings of 1.5 mIll are found below 80 metres increasing
yellowfin tuna vulnerability
III Potential areas of yellowfin concentration and exploitation
Figure 80. Yellowfin fishing grounds successfully exploitable by surface
fisheries (Sharp, 1979)
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Mention should be made of another type of discontinuity which
can cause noticeable changes in the physico-chemical composition
of the water column and is indirectly linked to the productivity
of a given area. These are bathymetric gradients due to islands,
banks and ridges. Also to be considered is the intensity of the
bathymetric gradient which can cause cooling of the surface water
even if the shelf is situated in waters several thousands of
metres deep (Patzer, 1979). In the Indian Ocean the
Mascareignes ridge is crossed by the south equatorial current
which can be responsible for enrichment of the slopes facing
west. The deep slopes situated east of the Seychelles plateau
have already been referred to in section 2.2.1.2.
In conclusion, it seems that a number of interdependent
hydrological factors must be considered together in order to
determine the potential areas of tuna concentration. An
environmentalist approach is equally necessary when assessing
population structure insofar as it helps to explain and perhaps
even foresee the inter-annual variations in stock abundance.
These variations usually originate from anomalies in the stages
preceding recruitment. Studies carried out on yellowfin in the
Western Pacific (Yamanaka and Yamanaka, 1970) and on albacore
south of New Caledonia showed that stronger cohorts were the
result of first life stages spent in waters cooler then average.
On the other hand, for the Eastern Pacific skipjack, the most
important age classes were those that previously inhabited warmer
waters (IATTC, 1975). It was also during the warm period that
abundance was increased (Uda, 1974). With respect to skipjack,
these observations should be compared with the results obtained
by Forsberg and Miller (1978). They found a correlation between
cpue and a mixing index due to wind in the Ea s t e s n Pacific: a
high index value, that mean.s low temperature, leads to an
increase of larval mortality and therefore reduces the strength
of the cohort concerned. It is obvious that forecasting these
abundance variations of resources can have great economic impact.
3.3 POTENTIAL AREAS OF TUNA CONCENTRATION
Tro8ical tuna species may be found anywhere north of
30 0S-35 S in the Indian Ocean. However, here an attempt is made
to identify the specific areas of tuna concentration and of
higher vulnerability by selecting zones where temperature and
dissolved oxygen levels are compatible with physiological
requirements of the species. Based on this idea, Sharp (1979)
made charts for yellowfin and skipjack which were used to attempt
a forecast of potential fishing grounds (Marcille and De Reviers,
1981). Four groups of charts should allow for a better
delimitation of potential areas in the Indian Ocean (see Figures
80,81,82,83).
The first series of maps in Figure 80 concerns the
yellowfin fishery: they show favourable areas with regard to
concentration. and vulnerability (dotted line); and those where
January-February
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minimal oxygen levels (1.5 ml/l) are found in waters below 80 m
in depth (hatched areas). In this environment, it is more
difficult for yellowfin schools to dive deeper and consequently
they would be more vulnerable to the surface gears. North of SON
the ecological volume of yellowfin schools is reduced. South of
the Equator in the Eastern Indian Ocean and south of lOoN in the
We s t ern par t, t his v 0 1 ume i s g rea t er. Marc i 11 e and De Re vie r s
(1981) estimate that yellowfin tend to concentrate in larger
groups along the borderlines where the ecological volume
decreases as they do in the areas with strong thermal gradients.
The second series of maps (Figure 81) concerns skipjack
tuna. The dotted areas represent favourable areas for concen-
tration and vulnerability to surface gears as in Figure 80. The
thin grey lined areas delimit minimal oxygen levels (2.5 ml/l)
between 50 and 80 m conducive to high vulnerability if the fish
schools are present. As for the yellowfin it is also possible
that high concentration is obtained at the border of the
unfavourable areas.
- The third series of maps (Figure 82) illustrates the areas
where the upper part of the thermocline is found in the first 100
m with vertical thermal gradient (VTG) levels comprised between
2 0C and 3 0C/10 m and more than 3 0C/10 m. The importance of VTG
levels on fishing success has already been discussed.
- The fourth series of maps (Figure 83) is a summary of the
preceding series on a bi-monthly basis to which were added
environmental factors. The areas where rough seas and strong
winds occur have been excluded as seine fisheries would not be
able to operate easily. The minimal level has been set to a 30%
o c cur r e n c e 0 f win d for c e e q u a 1 too r g rea t e r t ha n -f 0 r c e 4
(Beaufort scale). Then, enrichment areas due to upwelling and
divergence, as well as convergence aggregating the preys have
been considered.
It seems that on a yearly basis the area west of 80 0E in the
Indian Ocean is a better fishing ground for surface fisheries.
The most favourable areas reach their greatest extent from
January to April: north of the Mozambique Channel, north and
southeast of the Seychelles, Somalia, Maldives, along the north-
west coast of India, north of the Andaman Sea. In May the poten-
tially favourable areas are reduced in the east and in July-
August particularly near the Seychelles and Somalia. In
September-October, potentially favourable areas reappear in the
east: west of Sumatra, around the Sunda Islands and northwest of
Australia. In the western part, during the same period, the
potentially favourable areas stretch from north of Madagascar
extending as far as India.
Environment-production relationships are complex, and the
maps illustrating the potentially favourable areas for concen-
tration and vulnerability of tuna (principally yellowfin and
skipjack) are a compromise between favourable combinations;
therefore they are essentially of a provisional nature.
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76
4. ARTISANAL TUNA FISHERIES IN THE INDIAN OCEAN
4.1 ARTISANAL TUNA FISHERIES IN THE MALDIVES
In 1985 30% of the working population was employed in tuna
fisheries. Tuna fishing represents one of the main resources in
the national economy of the country. The country comprises more
than 202 inhabited islands interspersed among numerous atolls
(Figure 84). Tuna fishing predominates all fishing activities,
making up 90% of total catches. The principal reason for this is
that only certain tuna (skipjack, yellowfin, kawakawa and frigate
tun a) are con s i d ere d "n 0 b 1 e f ish" • Dog too t h tun a Q.y.Et.E_o_~~~
u n i£.~10E. and ~£.~nth 0~ i u!!!. ~~!..~ n d E.!.. , a s we 1 1 a sot her s ma 11 e r
species (bullet tuna and striped b o n Lt o ) are not so highly
prized. Recent tourist development has significantly enhanced
the capture of these smaller species.
Between 1970 and 1983, annual tuna catches varied from 20 000
to 30 000 t. The larger proportion comes from pole-and-line
fishing, but trolling, longlining, handlining and more recently
gillnetting have all contributed to a notable degree.
4.1.1 Live bait pole-and-line fishing
Two types of vessels are
dhoni" for offshore fishing (15
for coastal fishing (5-6 mi).
- "mas dhoni"
used in the
mi or more),
Maldives: the "mas
and the "wadu dhoni"
These are the largest boats: 10 to 15 m in length and 3 m
wide. Traditionally, they were sail boats or row boats (with 5 to
6 oars on each side). Since 1974, most of these crafts are
equipped with 20-30 HP diesel engines. At the stern, there is a
small platform raised 3-5 m extending outwards at both sides over
the deck which serves to protect the engine. The rest of the hull
is usually open and acts as a live bait hold. Water circulation
is provided by holes bored in the hull. This type of vessel is
crewed by 8 to 12 men, whereas the sail-boat carries about 20,
making crew available for rowing should the wind drop
(Munch-Petersen, 1978).
- "wadu dhoni"
These are similar in construction to the "mas dhoni". They
are 5 to 6 m in length and carry only 2 to 4 fishermen. The
hulls of the "mas dhoni" and those of the "wadu dhoni" are
regularly impregnated with shark oil (every 15 days) as well as
during construction so as to increase boat speed.
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Figure 84. Map of the Maldives
4.1.1.2 Tuna fishing techniques
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A typical fishing operation on a "mas dhoni" lasts approxi-
mately twelve hours. The boat normally sets off just before dawn
for the lagoon where live bait is caught. When a sufficient
quantity has been taken, the "mas dhoni" makes for the open sea
in search of tuna schools. Generally these are indicated by the
presence of birds flying above them. The standard technique is
to approach the schools and drop some live bait in their vicinity
so as to try to attract them near the boat. Two men on the
platform over the stern beat the water to excite the fish and to
awaken their want of feed. At this point up to four men stand on
the platform at the same time to catch the tunas with the poles-
and-lines. They rarely fish off anyone single school for more
than half an hour. Several boats can fish simultaneously off the
same school.
The return journey is normally accomplished before night-
fall. The catch is shared immediately upon arrival. Shares of
the catch are not divided with the same criteria throughout the
islands. For example, Kamdolodu fishermen (part of the Raa
atoll) reserve 36% of the catch for the owner of the boat; 5 fish
are given away in payment of the prayers recited for the boat and
8 fish are kept as food for the next day(s). The rest of the
catch is divided as follows: one share to each member of the
crew, one and a half shares to the skipper, and to each of the 3
men casting the live bait into the sea.
4.1.1.3 Li ve b a it f ish i ng t e c hn i q u.e s
Live bait is caught in calm lagoon waters over coral reefs
with a small square net measuring 7 x 7 m which is lowered to the
sea bed. Live bait is attracted to the net by feed which is made
up of little pieces of mashed tuna like a kind of paste. Once
sufficient fish are over the net, it is quickly drawn in from the
boat. The fish caught in this manner are either stored in the
boat or over the side in special baskets. This operation is
repeated as often as necessary. Generally 2 000 to 4 000 small
fish are needed for a day's tuna fishing. Fishing for live bait
normally takes from 2 to 4 hours depending on abundance which
often varies according to season.
Two sprat species generally make up the bulk of the daily
live bait; Spratelloides delicatulus and Spratelloides gracilis.
Sprats are considered to be the best bait as long as they are
available in sufficient quantities. Unfortunately, their survival
in captivity is brief so they have to be used the same day as
they are caught. The two sprat species are only abundant during
the monsoon season (from October to January generally). Anchovy,
Stolephorus indicus, is also valued as live bait, but is far less
common than sprat. Atherinids are used too, mainly Allanetta
forskali since it is very common among the atolls; however, it
seems to be less attractive. Other species are used occasionally
for live bait, 3 or 4 species of Apogonidae, 6 of the Caesionidae
(when juvenile) and 5 species of Pomacentridae.
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4.1.1.4 !vo~~~ion of fishin~techn~ues
During the past few years, there has been a tendency that
different types of vessels engage in specific fishing activities:
sail-boats procure live bait, and engine-powered vessels fish for
tuna. The reason for this is that fewer people are willing to
crew the sail vessels as the fishermen's preference is for the
motorized "mas dhoni", easier to manoeuvre through the tuna
schools, faster than the others and consequently able to land
better catches. Moreover, the time spent at sea is therefore
reduced, the fish landed are fresher and fetch a higher price.
The fish can also be deep-frozen for export rather than being
sold locally as dried and salted products as was the case several
years ago. The increase in tuna exports from the Maldives
(Table 8) is largely due to this separation of activities between
the unpowered sail-boats and powered vessels.
Table 8
TRENDS OF TUNA EXPORTS
FROM THE MALDIVES ISLANDS
BETWEEN 1970 AND 1979
Years Frozen Dry-salted
skipjack tuna
tuna ( t )
( t )
1970 4 750
1971 5 400
1972 2 039 3 842
1973 4 558 3 104
1974 4 652 3 552
1975 5 361 1 965
1976 8 586 1 429
1977 10 877 990
1978 10 672 251
1979 12 634 75
4.1.2 Other fishing techniques
Trolling is attempted whenever possible by almost every
boat. In 1983, 6% of the landings were obtained in this way.
Longlining is also used when pole-and-line fishing is not
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possible either because of bad weather or lack of live bait. The
"wadu dhoni" (smaller boats) generally use longlines and for some
years have been making a significant contribution to the
country's tuna landings. A recent modification in fisheries
regulations now authorizes the use of nets. A number of gillnets
are employed currently but their landings have been very low.
4.1.3 Catch effort and yield
Skipjack and yellowfin tuna alone account for more than 80%
of the total landings in the Maldives. Frigate and kawakawa tuna
make up the remaining catch according to the data available
locally. Some striped bonito (Sarda orientalis) and dogtooth
tun a ( Gym~0 s a E.d a ~!!..!.~1 0 r ) are c a-ug h t- 0 c cas ion a 11 y but ins ma 11
quantities, and are consequently not reported with the data. The
main categories and corresponding volumes are quantified on a
yearly basis from 1970 to 1983 in Table 9 and Figure 85. It
appears that variations in abundance of skipjack greatly
influence the total landings.
Table 9
ANNUAL TUNA CATCHES IN THE MALDIVES
FROM 1970 TO 1983
( And e r son and Haf i z , 1 9 8 5 )
--~ -------Skipjack Yellowfin Frigate Kawakawa Total
tuna
1970 24 977 1 809 2 746 620 30 006
1971 25 889 1 119 2 730 451 30 083
1972 17 971 2 076 3 186 596 23 828
1973 19 195 5 475 6 626 1 088 32 384
1974 22 160 4 128 6 006 830 33 124
1976 20 091 4 891 2 707 453 28 644
1977 14 342 4 473 3 080 927 22 824
1978 113 824 3 584 1 661 768 19 835
1979 18 136 4 289 1 701 721 24 847
1980 23 561 4 224 1 595 1 063 30 448
1981 20 617 5 284 1 606 1 274 28 781
1982* 14 293 3 605 1 855 1 697 21 450
1983* 1 7 731 5 617 3 186 1 878 28 412
.
* Values underestimated by about 10%
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Since 1970 the total number of fishing boats has been
relatively steady (Figure 86), The decline of the sail boat
fleet has been compensated by an increase in the number of
powered boats. In 1982 there were 5 486 boats employed mainly in
tuna fishing. Distribution by technique and type of vessel is
illustrated for each of the three areas in Table 10.
Table 10
DISTRIBUTION OF VESSELS EMPLOYED IN SURFACE FISHING
IN THE MALDIVES IN 1982
~I Pole-and-line fishingfishery Power Sail Trolling TotalArea bo a ts boats
North 454 313 1 640 2 407
8.3% 5.7% 29.9% 43.9%
Central 544 359 817 1 720
9.9% 6.5% 14.9% 31 .3%
South 168 280 911 1 359
3 .1% 5. 1 % 16.6% 24.8%
Total 1 166 952 3 368 5 486
21. 3% 17 .3% 61. 4% 100%
Average catches of tuna vary between 200 and 300 kg/fishing-
day (Anderson and Hafiz, 1985): 150-200 kg skipjack, 30-50 kg
yellowfin, 20-30 kg frigate tuna and 5-10 kg kawakawa. The yield
trends for skipjack and yellowfin tuna landed in the Maldives
from 1970 to 1983 are shown in Figure 87. It should be noted
that these are average daily catches which vary according to the
type of boat used. A motorized dhoni will catch (in the southern
area of the Maldives) approximately 150 small skipjacks weighing
about 1 kg and 20 large individuals of 3-4 kg per average
fishing-day; whereas a sail-boat will only catch about 50 small
and 5 or 6 large s k Lp j a c k , Small skipjack are caught in larger
quantities between September and February. Analyses of seasonal
variations in the yields of skipjack tuna do not reveal any
notable trends. August and September seem to be the peak periods
for yellowfin tuna fishing in the west of the archipelago.
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Figure 85. Comparison of skipjack and yellowfin catches
in the Maldives from 1970 to 1983
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Figure 86. Number of tuna fishing boats operating in the
Maldives from 1970 to 1982
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4 • 1 .4 Fishing grounds
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A study of the species composition of tuna catches in all
three areas (north, central, south) of the Maldives (FAO/UNDP,
1985) shows that the proportion of large skipjack decreases from
south to north and from east to west whereas the opposite is true
for large yellowfin which decrease from north to south and from
west to east (Figure 88). Small skipjack are caught fairly
evenly throughout the region.
It is understood that the distribution of the skipjack and
yellowfin species is not as clearcut as implied in Figure 88.
Marcille and De Reviers (1981) reported that a number of Japanese
fisheries using live bait around the Maldive Islands found more
yellowfin than skipjack tuna in the southern section of the
arc hi pe 1 ago, wit h yellow fin makin g up 60% 0 f to tal c a t c he san d
including specimens weighing from 8 to 25 kg.
For the archipelago as a whole, fishing is most active during
the monsoon seasons and minimal during the in inter-monsoon
periods (notably April and October). Highest catches in the
north zone (Haa Alifu and Haa Dhaalu atolls) are recorded during
the northeast monsoon (from November-December to March) while
lowest catches generally occur between September and November.
Fishing seasons, atoll by atoll, are illustrated in Figure 89;
these vary from one area to another. However, no fishing d o e s
not automatically imply that there is no fish; but can simply be
due to bad weather, a lack· of live bait, or to the inaccessibi-
1 i t Y 0 f the tun a s c h 00 1 s may be bey 0 n d 1 5 mi 1 e s fro m the c o a s t ,
Large differences in monthly yields may occur from one year to
the next.
The seasonal fisheries operating
therefore be summarized as follows:
- North zone:
in the Maldives can
Skipjack season mainly from December to March, less in
July-August;
Yellowfin season from December to April and from July to
September.
- Central zone:
• Skipjack season from May to August;
Yellowfin season in January-February and August-September.
- South zone:
Skipjack season variable with peaks in January-February
and May-June;
• No definite season for yellowfin, and low catches.
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Figure 88. Species distribution of tuna catches in
the main fishing grounds around the Maldives
(according to available data from FAO/UNDP, 1985)
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Size composition of the catches
An analysis of the tuna species caught around the atolls
situated in the northwest area of the archipelago provides
•information on the size composition of the catches. The oldest
skipjack appeared in the catches in July and in November (62 cm
< FL < 65 cm). In other period young skipjack are caught with a
modal length of 37-39 cm in June, 39-41 cm in July, and 40-42 in
August (FAO/UNDP, 1985). According to Anderson (personal com-
munication) the absence of larger skipjack in months other than
July and November would be due to poor sampling rather than to a
true absence. Yellowfin tuna are nearly always small individuals.
Monthly size distribution patterns for skipjack and yellowfin
tuna are shown in Figure 90.
4.2 ARTISANAL TUNA FISHERIES IN INDIA
Tuna fishing in India remains a
spite of recent surveys carried out
and longlining vessels.
mainly artisanal activity in
by commercial pole-and-line
Tuna landings in 1983 reached approximately 17 600 t which
represented only about 1% of the country's total catch that year.
In order to obtain this yield, many types of boats and gear were
used. Some regions are more specialized than others in the use
of a particular gear or technique. Generally tuna is not a prime
target species; in fact, apart from live bait fishing around the
Laccadives and maybe the trolling near Tuticorin (Figure 91), all
the gear used along the coast are aimed at catching a maximum
variety of species and occasionally tuna.
4 .2. 1 Fishing gear and techniques
Tuna are exploited with 5 different gears:
- Trolling line
- Gillnets
- Seines
- Pole-and-line with live bait
- Handlines (longlining)
4.2.1.1
This form of fishing is currently used in India and is widely
developed in the southeast Tamil Nadu region, especially off
Tuticorin. The boats are from 6 to 9 m in length and are often
non-powered. The small boats payout 7 lines whereas the larger
ones generally work with 9. In the latter case six lines are
strapped to two poles overhanging on each side and the remaining
three lines are fastened to the stern. These lines vary in
length from 25 to 45 m. The longer ones (6) are fixed to the
poles. According to region and season, coloured artificial lures
or hooks baited with fresh fish are used. Trolling was very
popular until 1970 since when it has gradually given way to
gillnetting.
86
4.2.1.2 Gillnetting
The nets vary in length according to how many are joined
together. The number of nets also varies, from 10 to 20; average
total length is approximately 800 m and the drop is from 5 to
10 m. The netting used is monofilament nylon of varying mesh size
according to the fish species targeted. Small tuna as well as
frigate tuna are caught with mesh sizes ranging from 6 to 15 cm,
whereas large tuna are caught with 11-36 cm mesh nets. Table 11
gives different mesh sizes in use according to the size of the
tu~a found in several regions situated along the coasts of India.
Table 11
MESH SIZ~S OF GILLNETS USED IN DIFFERENT
LANDING CENTRES IN INDIA
(CMFRI, 1983)
--------------
Regional fishing
centres
Ratnagiri
Goa
Mangalore
Calicut
Cochin
Neendakara
Tuticorin
Mesh size expressed
in mm
90, 115 and 130
115 to 130
110 to 130
110 to 130
105 to 120
105 to 120
140
Fishing trips are daily, the boats set out at about 16.00 h
in order to reach the fishing grounds by 20.00 h. The average
depth from surface to bottom at which the crew set the nets in is
approximately 30-50 m. This operation takes about an hour,
depending on the length of nets used. Th e gillnets are left to
drift for about 3 to 4 hours before being hauled in. The hauling
takes from 1 to 2 hours according to the size of the catch. The
boats are back to harbour between 06.00 and 09.00 h to land and
sell their fish.
There is no special boat type, all the boats being built
locally. The smallest are dug-out canoes about 6 m long and
unpowered, the largest 14-15 m and equipped with 30-40 HP inboard
diesel engines. The middle range with or without deck averages
7-8 metres and carries an inboard or outboard engine.
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Gillnets are the most popular artisanal gear in India. They
are found in varying numbers along the entire coastline
(Figure 92). The Tamil Nadu fisherruen (southeast coast) have
mastered the art and account for more than half the total number
of gillnets in use. Many have left ,the region to fish elsewhere;
in fact t about 90% of the gillnetting effort from Cochin is
carried out by fishermen coming from Tamil Nadu.
4.2.1.3 Purse-seinins..
This technique is still relatively new in India and is only
applied on the west coast for the time-being. The main districts
are Goat Mangalore and Cochin. The seines are about 400-600 m in
length t with a drop of 40-60 m; the longest can reach 800 m. They
are used from 14-15 m vessels powered by 30-40 HP inboard diesel
engines. The trips are daily; the boats return late afternoon to
land their catch. Tuna (mostly kawakawa) are not among the
target s p e c i e s , those being sardines and mackerel. A fleet of
350 seiners is currently fishing along the Kerala and Karnataka
coasts (Silas and Pillai t 1984).
4.2.1.4 Live-bait fishin&
Live bait fishing is only carried out in the Laccadive
Ls l a nd s , particularly around Minicoy. Traditional vessels are
u s e d , known locally as "mas odies" and very similar to those of
the Maldive Islands. They are becoming rarer and are gradually
being replaced by smaller vessels (8-9 m with 10-30 HP inboard
diesel engines). They are also equipped with masts (3-4 m high)
in case of engine failure. The live bait compartment in the hull
has been r~placed by a single tank with a capacity of approxi-
mately 1 m ; this tank is situated forward of the engine. So as
to facilitate the recuperation of live bait t during fishing
e x pe d I t t o n s , the tank is divided by a movable p a r t I t Lo n , with
holes to ensure the water circulation needed to keep the bait
alive.
The same system is used in the Maldives. It consists in
setting along the bottom a 4.5 x 5.5 m small-meshed net (6 to
8 mm) which is then hauled from the boat. As live bait is more
scarce in the Laccadives than in the Maldives t the fishing
operation differs somewhat: shallow waters are selected and
rather than setting the nets flat on the bottom t one side is
staked up and the other weighted on the bottom. Two fishermen t
10 m apart t each holding the end of a rope to which are attached
coconut palm leaves t close in towards the nets t thus herding the
fish into it. The catch is removed immediately and held in tanks
or floating cages.
Shortage of bait necessitates that any suitable small pelagic
species is used to attract tunas. Jones (1964) reports that as
many as 50 species are used regularly and sporadically. When
live bait is unavailable t pole-and-lines deploy troll lines.
There are approximately 250 vessels trolling in Laccadive waters
(Silas and Pillai t 1984).
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The quantities of tuna caught by handlining are insigni-
ficant. Handlining is carried out along the all coastlines,
particularly to the south off Tuticorin and Vizhinjam.
4.2.2 Catches and yield
The use of powered boats and the introduction of nylon gill-
nets in many of the fishing' centres, along the west coast and in
the Gulf of Mannar, have lead to a constant increase in the
country's tuna landings. This trend is illustrated in Table 12
and in Figure 93.
From 1970 to 1979 regular increases are recorded, from
3 0 00 t tor e a c h the e xc e p t ion a 11 y h i g h fig u reo f 2,6 00 0 tin
1979, after which catches levelled out at 18 000-20 000 t.
Table 12 shows substantial variations in the catch from one
region to another. Eighty percent of the fishing takes place
along the west coast of India; the State of Kerala alone
recording nearly half the total, Tamil Nadu approximately 17% and
the Laccadives 12%. The catches recorded around the Andaman and
Nicobar Islands are negligible. Silas and Pillai (1984) estimate
that 66% of the fish landed comes off unpowered boats.
Yields are difficult to assess accurately. It appears that
gillnetting yields were about 100 kg/fishing-day, in Cochin
average daily yields were 109.3 kg in 1981 and 93.8 kg in 1982-
Pole-and-line with live bait fisheries yield as much as in the
Maldives, i.e., between 100 and 150 kg/fishing-day.
4.2.3 Fishing seasons and catch composition
Kawakawa, skipjack and frigate tuna are the main tuna species
caught off continental India as follows: 65% kawakawa, 11% skip-
jack and 7% frigate tuna; whereas skipjack and yellowfin predo-
minate in the catches of the Laccadives with 73% and 25% respec-
tively of the total tuna landings (FAO/UNDP, 1985). The fishing
seasons for kawakawa seem to extend in a southerly direction (see
Fig. 94); that is, kawakawa are plentiful at the beginning of the
year around Mangalore, moving southward to be found again at the
end of June off the southern tip of the continent and crossing
over to the Bay of Mannar (Tuticorin) in July-August where they
ar~ caught in large numbers.
Skipjack tuna is caught mainly from October to December and
in March-April around the Laccadives. Lengths range from 40 to
50 cm; they are grouped within a single mode in November. From
December to April a plurimodal distribution is observed between
40 and 60 cm. Yellowfin are generally caught from December to
February and measure between 40 and 70 cm.
Table 12
BREAKDOWN OF INDIAN TUNA CATCHES BY STATE FOR
THE YEARS 1970 TO 1983
\ 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983,
I
West Bengal
and Orissa 1 42 28 46 9 16 84 37 609 31 34 250 409 37
Andhra Pradesh 135 293 495 141 683 664 334 449 328 437 419 318 816 756
Pondicherry 2 16 1 - 9 - - - 3 1 - 55 52 118
Tamil Nadu 788 1 044 658 624 1 691 1 785 2 923 3 237 1 169 3 211 4 233 3 820 3'214 3 253
Kerala 1 226 3 043 3 626 2 699 5 927 5 845 12 880 6 705 6 548 15 391 10 611 5 509 7 281 5 750
I
oo
\.0
Karnataka 4 515 134 124 394 212 576 622 614 1 717 952 2 517 2 268 -1 795
Goa 2 - - - - 2 23 107 300 742 356 188 6 25
Maharashtra 278 292 294 743 286 274 463 312 1 939 1 772 1 674 1 248 3 192 2 433
Gujarat - 1 1 268 579 546 734 332 451 442 277 1 600 358 453
Laccadives
Islands 570 774 514 1 020 1 254 1 932 1 291 1 166 1 875 2 794 1 760 2 236 2 966 2 966
Andaman and
Nicobar
Islands 9 12 9 13 7 9 13 37 57 57 55 42 35 35
Total 3 015 6 032 5 760 5 678 10838112851932113004 13 893 26 595 20 371 17 783 20597 17 622
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Figure 90. Monthly size frequency dis-
tribution of the catches
taken in the northwest
archipelago of the Maldives
(FAO/UNDP, 1983)
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Figure 92. Number of gillnets used in different
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Figure 93. Tuna landings in India
from 1970 to 1983
(Silas and Pillai, 1984)
Figure 94. Seasons of abundance of kawakawa
(E. affinis) on the west coast
and on the southeast coast in India
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4.3 ARTISANAL TUNA FISHERIES IN SRI LANKA
This traditional fishery has developed substantially during
the last twenty years. In 1962, yield was between 2 000 and
3 000 t, then increased rapidly until 1968-69 to level off in
1981-82 to a steady 30 000-35 000 t. Since then, this production
represents 15-20% of the country's total yearly landings.
Pole-and-lLne, trolling and gillnetting fisheries exploit
mainly skipjack, yellowfin, kawakawa and frigate tuna.
4.3.1 Fishing techniques
is traditionally the oldest technique employed in tuna
It is most popular in the southern and southwest
the country, but has also been developed on the east
the introduction of powered vessels.
This
fishing.
regions of
coast since
Before the 1960s, pole-and-line fishing was carried out in
sail-propelled dugout canoes 5 to 6 m in length with a crew of
5 to 7 men. During the last 20 years, new boats have been
appearing: large wooden boats (3-5 t, length 8.5 m), equipped
with inboard diesel engines. These are multipurpose vessels
which can be adapted to various fishing techniques: pole-and-
line, gillnetting, trolling or longlining. The absence of spe-
cialization had resulted in the lack of holding tanks. Conse-
quently, live bait is kept in large wicker baskets which are
towed alongside to the fishing grounds (Ben Yami, 1980).
2Live bait is caught with square nets, averaging 10-12 m ,
which are lowered flat on the bottom and hauled in when
sufficient bait has been taken. Since these nets have to be used
mostly on -r o c k y bottoms, the main net is made of strong braided
hemp (diameter 1.5 mm) and 6 cm meshes, in the centre of which is
stitched a smaller, finer meshed net, where the fish are caught.
Two crafts are needed to handle the net (either 2 canoes, or
1 canoe and 1 boat); they are held apart by a couple of rods or
poles as the net is lowered between the two boats. Ropes
fastening the 4 ends to the boats facilitate hauling the net to
the surface. The bulk of the live bait caught by the Sri Lankan
fishermen is made up of Caesionidae and Apogonidae, species
belonging to a rocky habitat. Up to a maximum of 20 kg of live
bait is caught in the net and then transferred to the wicker
baskets held alongside the vessels.
Trolling was practised throughout Sri Lankan waters long
before powered vessels appeared on the island. Yields were
generally poor. Engine power and the new 3-5 t boats greatly
enhanced the development of this form of fishing since 1959-1969.
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It is a low cost technique not requiring the use of live bait.
Trolling is practised all around the island except for the
extreme northern part where it has been declining because of high
increases in the price of fuel.
4.3.1.3
Longlining was introduced to the island more recently than
trolling and grew popular as more vessels became motorized; but
poor yields and costly bait limited greater development (Joseph.
1984). However. several boats are engaged in this form of
fishing seasonally along the continental shelf south coast of the
island.
4.3.1.4
Gillnetting began to develop in 1960 when 8-9 m. 3-5 t boats
with engines first appeared. More recently the Ceylon Fisheries
Corporation commissioned larger. 11 t. 12-13 m boats to undertake
this form of fishing. The good results obtained encouraged many
other fishermen to change from smaller boats (engaged in pole-
and-line fishing or trolling) to gillnetting. Nowadays gill-
netting is carried out throughout the south and east coasts.
4.3.1.5 Other methods
Beach seines still contribute to the overall tuna
in the island but their numbers are decreasing since
of powered craft.
4.3.2 Catches and yield
4.3.2.1 Volume of catches
production
the advent
The introduction of new motorized boats. the installation of
outboard engines on the existing canoes and the use of nylon in
net construction are the main causes for greater yields beginning
from 1962 (Figure 95). The first years showed variable results
largely due to the extension of fishing activities to the as yet
not exploited fishing grounds further away from the coasts. From
1970 to 1979 catches remained stable registering 23 000 t/year.
increasing again in 1931 and 1982.
The main tuna grounds lie south of the island and account for
37% of the total catches in three centres: Galle. Matara and
Tangale. In the west. 27% of the total catches are landed.
mostly in Negombo and Kalutara. There are fewer tuna fisheries
to the north of the island and along the east coast (Figure 96).
4.3.2.2 Yield
Daily catches vary according
ground. A motorized vessel using
would have an average yield of
to the fishing gear and fishing
pole-and-line and live bait
approximately 150-200 kg/day
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(Sivasubramaniam, 1965). If the same vessel were trolling for 3-5
hours in the morning, average yield would be about 30-35 kg/day.
Gillnetting results fluctuate considerably. They can attain as
much as 450 kg/day off Colombo where the fishing grounds
exploited are beyond the continental shelf, and 180 kg/day when
the same boats operate closer to the coast on the shelf
(de Bruin, 1970). The trend of average yields in skipjack tuna
by main artisanal fishing gear and fishing ground are given in
Table 13.
4.3.3 Species composition of the catch
Generally, skipjack are always predominant in the catches
(Table 14). However, the species ratio varies according to the
gear used and distance from the coast to the fishing grounds
(Table 15).
Table 13
AVERAGE YIELDS BY VARIOUS FISHING TECHNIQUES
FOR DIFFERENT AREAS OF SRI LANKA
(Sivasubramaniam, 1972)
- --~
Area
Fishing technique Boat size
m t NW W SW S E
8-9 3-5 59 143 89 1 16 70
Gillnetting
10-12 1 1 155 312 281 254 133
8-9 3-5 - * 179 177 105
Pole-and-line
--
with 1 i ve bait
pi rogue - 92 140 128 88
.
I8-9 3-5 * 18 27 23 14Trolling II
* Insufficient data
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Table 14
SPECIES BREAKDOWN OF THE ARTISANAL FISHERIES TUNA CATCHES
IN SRI LANKA FROM 1972 TO 1982
(Joseph, 1984)
--
Skipjack Yellowfin Other species
Year Total
catches Catches % Catches % Cat c he s %
( t ) ( t ) ( t ) ( t )
,
1976 I 23 899 12 031 50.3 6 807 28.5 5 061 21.2
1977 23 159 11 221 48.5 5 631 24.3 6 307 27.2
1978 23 405 10 822 46.2 5 285 22.6 7 298 31. 2
1979 22 390 8 179 36.5 6 070 27 • 1 8 141 31.2
1980 29 191 12 502 42.8 6 798 23.3 8 530 29.2
1981 32 552 13 792 42.4 7 562 23.2 11 198 34.4
1982 34 115 13 250 38.8 8 288 24.3 12 577 38.9
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Table 15
PERCENTAGE BREAKDOWN BY GEAR OF THE TUNA LANDING IN SRI LANKA
(Sivasubramaniam, 1970)
I
Gear I Area Depth Skip- Yellow- Bigeye Kawa- FrigateI
I
jack fin kawa tuna
--!
Trolling coastal surface 27.3 1 2 • 6 0 31.2 28.9
Pole-and_ coastal surface 87.6 2.5 0 4.4 5.4
line with
live bait non surface 61 .0 35.3 0 2. 7 1.0
coastal
Gill-
netting I coastal 1-20 m 57 • 7 28.2 0 7 • 7 6.3
I
coastal 75-125 m O. 7 71. 2 28. 1 0 0
Artisanal
longliners non 75-125 m O. 1 68. 1 31.0 0 0
coastal
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Trolling along the coast yields mostly little tuna species
(kawakawa and frigate tuna), whereas other gear used in offshore
grounds catch mainly skipjack and yellowfin. According to Joseph
(1984) tuna abundance is higher off the south coast and offshore
from Batticaloa (mainly skipjack); whereas yellowfin dominate the
area offshore from Negombo (west coast) and Trincomalee (east
coast) (Sivasubramanian, lq6~).
4.3.4 Size composition
4.3.4.1 Yellowfin
Most of the yellowfin caught off and around Sri Lanka by the
artisanal fisheries are less than two years old. The surface
gears used within 15-20 miles from the coast land yellowfin with
pole-and-line (average length 35-80 cm) and with drifting gill-
nets (average length 55-90 cm) (Figure 97). Longlines catch
larger fish (115-155 cm) aged 3-5 years. Young yellowfin
(20-30 cm) recruit in May offshore to the west (Joseph, 1984).
Joseph (1984) proposed a migration pattern for the species
based on size composition/fishing ground. Young individuals aged
a b o u t 1 year reach Sri Lankan waters in the south, moving north
during their seconJ year. In their third year, they dive deeper
and become more accessible first to a r r Ls a n a I longliners in
Mannar Bay and later to the foreign longliners operating offshore
fishing grounds (Figure 98).
4.3.4.2
Skipjack tuna caught by the artisanal surface fisheries vary
between 30 and 78 cm in length. Trolling lines catch the smaller
individuals (modal classes at 34 and 43 cm); gillnets, more
selective than the other fishing gear, take a large proportion of
big fish, whereas pole-and-line fishing covers a wider range of
sizes, from 45 to 60 cm (Figure 99).
4.3.5 Fishing season~
Before the development of gillnetting, most s k i p j a c k tuna
were caught by pole-and-line fisheries from June to August and
from November to March along the southwest coast, and from July
to September on the east coast. Yellowfin tuna were caught in
significant numbers only in March and February. Trolling fetches
good yields in young skipjack and yellowfin tuna from June to
August, d u r Ln g the southwest mo n s o o n , Skipjack are caught with
gillnets mainly from June to September along the west coast, in
July and August in the southwest fishing grounds, and from May to
September south of the island (Sivasubramaniam, 1972). Skipjack
schools mix with other species during the southwest monsoon, but
not during the period from November to March (Joseph, 1984).
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4.4 ARTISANAL TUNA FISHERIES IN INDONESIA
In 1984, Indonesian catches of tuna and tuna-like species
were estimated at 226 000 t; 181 000 t were caught in the Sea of
Java and in the Western Pacific Ocean and about 45 000 t in the
Indian Ocean. The pattern of the catches recorded in the Indian
Ocean is presented in Table 16 as follows: from 17 000 t in 1976
to more than 45 000 t in 1984. This total comprises mainly small
tuna, principally kawakawa and frigate tuna caught by artisanal
craft fishing near the coast. Skipjack constitute nearly 30% of
the total catch; they are landed principally by the trolling
fisheries west of Sumatra and with gillnets along the south coast
of Java. The group of large tuna represent only 14% of the total
catch. This group mainly consists of yellowfin and bigeye tuna
caught by longlining, hand1ining and trolling. In Indonesia only
one third of the commercial longline catches (2 100 t in 1984)
comes from the Indian Ocean, activities being more concentrated
in the Banda Sea (Indo-Pacific). The main landing and fishery
centres (Figure 100) are situated in Banda Aceh, north of
Sumatra, in Padang on the west coast, in Pelabuhan Ratu, Prigi
and Muncar, south of Java and in Bali. In 1985 a pole-and-line
fishery base was formed in Kupang (south Timor), to exploit
skipjack tuna.
Table 16
INDONESIAN TUNA CATCHES IN THE
INDIAN OCEAN FROM 1976 TO 1984
('000 r )
Years Large Skip- Small Total
tuna jack tuna
1976 1.3 5.5 10 • 1 16 .9
1977 2.4 4.0 15 • 2 21.6
1978 2.8 4 • 1 9 • 1 16.0
1979 3 • 2 6 .5 8.8 18.5
1980 3 .3 7 .6 15.2 26. 1
1981 3.4 6.6 1 7 • 5 27 • 5
1982 3. 7 11.8 22.9 38.4
1983 5.9 12.5 23.4 41.8
1984 5.4 13 • 7 26.0 45. 1
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4.4.1 Tuna fisheries north of Sumatra
Purse-seines are the principal gear used on boats measuring
18-20 m long, 3.5 m wide, with a draught of a p p r o x I ma t e ly 1.5 m
and displacement of 19-26 t , In-board diesels, 45-105 HP, are
installed. Nets measure 700-1 200 m with a drop of 40-60 m.
Their mean weight is 5 t including 600 kg of leadline ballast.
The corkline is fitted with floats a t t a c h e d every 60-80 cm. As
the seine net is not very high, 60 rings are fastened to half the
net only (H;{(';:ille ~!. ~~, 1984). A crew of 20 is sufficient.
The trips are daily, from 04.00-06.00 h to late afternoon. This
form of fishing is carried out on schools seen on the surface.
They are very localized and close to the landing centres
(less than 20 miles from the coast). Skipjack and yellowfin are
generally caught west off Breuh island along the 100 m I s o b a t h ,
Maximum yields of kawakawa and frigate tuna are taken in the
areas situated east off Breuh island and between Sabang and Banda
Ac e h , The north Sumatra fishing grounds were exploited by 240
seiners in 1982; 40-50 of these boats operate every day except
Fridays.
The total catch for 1981 was approximRtply 1 600 t and about
1 550 t in 1982. The species composition varies considerably
from year to year and from season to season. For example, from
the second semester in 1981 and the first semester in 1982
skipjack tuna catches dropped from 47% to 11% and little tuna
catches I n c r e a s e d from 50% to 88%. The average yield per boat
per fishing-day from May 1984 to July 1985 is shown in Table 17
(Merta, 1985).
Daily yields, which vary considerably, average about 200·
kg/day. Average yearly production ranges between 35 and 40
t/boat. Marcille ~~ ~l~ (1984) report a yield of 58 and 56 t in
1978 for two purse-seine vessels, which had had operated very
regularly throughout the year (respectively 303 and 277
fishing-days).
4.4.2 West Sumatra
4.4.2.1 ~~~~l~~ techniques
Approximately 500 boats are involved in trolling activities
west of Sumatra; the two largest landing harbours are Padang and
Parianam with respectt~ely 220 and 140 crafts operational in 1981
(Marcille ~~ ~l~, 1984).
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Table 17
YIELDS OF ARTISANAL SEINE FISHERIES IN BANDA ACEH
(by kg/day/boat)
Number Yellow- Skip- Frigate TotalMonth of boats fin jack tuna
1984
May 9 2 .2 94.6 40.6 137.4
June 38 2.8 64.0 39.8 106.6
July 50 6.8 39.8 69.7 1 16. 3
August 31 16 • 1 221 .0 196.8 433.9
September 20 6.8 188 .0 208.5 403.3
October 174 1.4 58.0 312. 7 372. 1
November 497 12.6 160 • 1 55.5 228 .2
December 409 4.0 157.5 121. 9 283.4
1985
January 417 o•6 113 • 7 149 .8 264. 1
February 404 97. 7 194.3 292.0
March 314 0.3 47 .0 55.7 103.0
April 279 7 • 2 142.7 149.9
May 139 12.3 451 • 7 464.0
June 45 4.9 99.9 51. 7 156.5
July 219 83.2 104. 1 187 .3
Most of the boats are approximately 15 m long (15-20 t) with
33 HP inboard diesel engines. The fishing trips take from 4 to
15 days according to season and catch size. The fish is iced;
each boat carries about 2.5 t of ice in 50 kg blocks. During the
day each boat trolls 15 lines at a speed of 5-6 knots. Fishing
operations stop during the night and the boats usually drop
anchor in sheltered bays around the nearby islands. Three to
five men crew these boats. Generally, the boats return when the
holds are full (600-700 kg). Since 1983 some of the fishermen
began to use smaller boats called "kapal unyil" (equipped with 12
HP engines) in order to reduce running costs. They stay out for
3-7 days at a time operating in the same areas as the larger
boats. In 1984, in Padang 51 "kapal unyil" were active (Merta,
1985).
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4.4.2.2 Fishing grounds
They are situated off the coasts from Padang around the
Mentawai Islands (10-20 hours navigation). The fishing grounds
are exploited seasonally. From July to September strong south
winds greatly hinder fishing operations. From November to April
most of the activity is concentrated around drifting objects,
which are numerous during this period around the Mentawai Islands
and also further off the coast.
4.4.2.3 Catches and yields
For the whole of the region west of Sumatra, the total catch
by trolling only reached 5 400 t in 1979 and 6 900 t in 1980. The
species breakdown of the catch is not known but it is estimated
that 80% of the catches consist of skipjack tuna (Merta, 1985).
Taking 10 boats based in Padang as a sample to extrapolate a
representative pattern of the best catches and their corres-
ponding periods, Marcille et al. (1984) found that highest yields
occur from January to Jun~- with each boat averaging 2 t/month.
Lowest yields were registered from July to November (1 to 1.5
t/month/boat). Based on fishermen interviews production per boat
in Padang by boat would be approximately 20 t , The skipjack and
yellowfin tuna were small individuals, average weight 1-1.5 kg
and average fork length 40 cm for these two species.
4.4.3 Java
A wide variety of fishing techniques are used in Pelabuhan
Ra t u which is the most important tuna fishery centre in Java,
followed by Prigi and Muncas. A description follows the two
principal gear, gillnetting and "payang", which alone represent
almost 100% of the island's total tuna catches.
4.4.3.1 Gillnett~
- Fishing technique: boats involved in this activity measure
approximately 10-12 m (2.5-4 t). They are powered by 40 HP
outboard engines, with a crew of 3 to 4. The gillnets are gene-
rally set 4 m below the surface. They are of nylon, each net is
60-65 m long, 18~20 m depth with 8-10 cm mesh. Each boat carries
up to 20 sets, which are fastened together before being let out
over the side. The boats usually go out daily, but sometimes
stay out 2 or 3 days at a time in which case ice is taken onboard
to preserve the catch. Fishing activities take place at night;
the nets are set late afternoon and are hauled in before dawn.
- Catches and yields: in 1983, 169 boats were operating from
Pelabuhan Ratu with gillnets, their target species being skipjack
and yellowfin (White and Uktolseja, 1983). Secondary species
were also taken - sail fish, marlin, ray and shark - and accounted
for up to 40% of the total catch (Marcille et a1., 1984). The
P rig i tun a f ish e r y ( gill net s ) isma de up 0 f- s ;;11 tun a (7 8 %) ,
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mainly kawakawa and frigate species; this is certainly due to the
fact that mesh sizes employed throughout the region are smaller
(Merta, 1985). Monthly total catches landed by the gillnetting
fisheries in Pelabuhan Ratu from 1975 to 1983 are shown in
Table 18.
Table 18
MONTHLY BREAKDOWN (in t) OF THE TOTAL ANNUAL YIELD
OF THE PELABUHAN RATU GILLNETTING FISHERY
FROM 1975 TO 1983
(Marcille ~~~, 1984; Uktolseja and Merta, 1984)
Month 1975 1976 1977 1978 1979 1980 1981 1982 1983
J 6 6 20 46 32 22 50 16 27
F 12 8 29 20 30 39 49 23 74
M 9 7 15 35 33 65 60 26 21
A 8 41 15 38 37 36 44 5 30
M 8 48 41 27 272 183 115 107 60
J 23 89 32 35 157 70 66 55 46
J 12 141 170 73 200 69 84 90 57
A 34 62 323 35 252 109 66 76 140
S 1 1 69 214 76 153 123 136 139 210
0 4 13 338 23 144 108 120 140 112
N 3 41 193 26 142 43 128 72 83
D 4 24 78 21 59 79 76 101 75
Total 135 547 1 467 454 1 520 942 994 845 934
The annual variations in catch shown in Figure 101 may be
misleading in that before 1976 and in 1978 a certain number of
boats used to land some of the catch outside the established
check-points. From 1980 the volume of the landings became more
stable reaching 900-950 t for approximately 75 operational boats.
Skipjack tuna catches represent nearly 80% of the fish landed by
this fishery (Figure 102). The best season is from May to
November, whereas the lowest catches coincide with the duration
of the southern summer mo n s o o n , Yellowfin are caught throughout
the year with higher yields from November to June. The incre~se
in yield is due to the fact that when the good weather returns,
the boats leave the coastal waters to exploit the fishing grounds
situated further offshore outside the bay area (Pelabuhan Ra t u )
(Marcille ~~ !~, 1984).
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The sizes of the tuna caught in the gillnets are very
homogeneous (Figure 103). The majority of the skipjack landed
measure 50-55 cm in fork length corresponding to an average age
of two years (White and Uktolseja, 1984). Most of the yellowfin
tuna measure 50-60 cm, but smaller individuals are also landed
measuring between 35 and 40 cm.
Fishing technique: A "payang" is a net, a Danish seine or
lampara net (Figure 104) whose length varies from 300 to 500 m.
The fisheries employing "payang" techniques sail boats
approximately 12-15 m long and 3 m wide (3-5 t). Powered by
40-50 HP outboard engines and crewed by 20-25 men, fishing
operations are daily and these boats remain in coastal waters.
Average time spent on the fishing grounds varies from 03.00-
05.00 h until late afternoon. Once the tuna school is sighted,
the net is set for about 30-40 min. This allows 8 to 10 sets to
be made and hauled in during each trip. In 1983, 107 boats using
"payang" technique were registered in Pelabuhan Ra t u (White and
Uktolseja, 1984), but only two-thirds of these were regularly
employed.
Catches and yields: The average annual yield of anyone
"payang" fishery is estimated at 35-40 t , Best daily catches are
registered between July and September (500-700 kg). The average
1981-1984 yields were 220 kg/day (Merta, 1985). Species captured
are mainly little tuna (kawakawa and frigate tuna mostly) but
there are also skipjack and yellowfin tuna (Figure 105). Skip-
jack is generally more abundant from July to November (peaking in
August-September). Size composition of the catches is the same
as that registered by gillnetting, 50-55 cm fork length. Frigate
tuna are caught throughout the year with the following peak
period: July to October (which is also most favourable season for
the "payang" fisheries).
4.4.4 Bali
Trolling has increased considerably since 1950 in Bali. It is
carried out from light weight craft, 5-6 m, fitted with
7-12 HP outboard engines. A one-man crew operates 3 lines with
artificial lures. There are more than 250 boats of this kind
based in Benoa. These boats are largely dependent on good
weather conditions which are often reduced during the monsoon
(December-March). The fishing grounds are coastal and the vessels
never venture out more than a few miles. Daily catches are poor
averaging some 20 kg.
Yellowfin are always present in the waters around Bali,
whereas frigate tuna are caught seasonally only in the inter-
monsoon period (April to July mainly). Small frigate tuna
measuring 30-35 cm at th~ fork are caught in large numbers in May
and June. The skipjack landed in Benoa are more uniform in size,
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ranging generally from 52 to 56 cm (Figure 106), that there seems
to be a recruitment of young (one-year-old) individuals (fork
length 40 cm) in June and July (White and Merta, 1984). Yellowfin
tuna sizes are more diversified (Figure 106).
Gillnetting around Bali has grown rapidly since 1982 and has
so far proved to be more economically attractive. Catches are
composed of 40% skipjack, 24% frigate tuna, 10% yellowfin, 7%
striped bonito, 5% kawakawa, and 14% between marlin and other
pelagic species.
Pole-and-line fishing with live bait has recently been
introduced in a number of islands: Flores (19 pole-and-line boats
were based in Maumere in 1985) and Timor (10 in Kupang). No
information is available on these fisheries.
4.5 ARTISANAL TUNA FISHERIES IN THAILAND
Tuna landings in Thailand have grown considerably during
these last 10 years, rising from 4 700 t in 1970 to 49 000 t in
1982 and 86 000 t in 1983. In 1982, 9 500 t (20%) came from the
Andaman Sea, and 3 800 t in 1983. Mainly three species are
exploited: longtail tuna, kawakawa and frigate tuna. Skipjack
and yellowfin are caught in lesser quantities in the Andaman Sea
(Figure 107).
4.5.1 Fishing techniques
The Thai tuna fisheries employ two main techniques: purse
seining and gillnetting. Gillnetting is carried out both by the
traditional dugout canoes and 50 t vessels. Seine fisheries
utilize 20-100 t boats but for the most part in the 20-50 t range
(IPTP, 1985). Seining saw the beginning of great developments in
tuna fisheries in Thailand, in the Andaman Sea, and in the Gulf
of Thailand. However, tuna are not the only target species;
clupeids and carangids are also prized.
In 1980, seiners especially equipped for tuna fishing (sonar,
large meshed nets) made their appearance. Net sizes vary from 800
to 1 600 m with a drop ranging from 70 to 140 m. Mesh sizes are
from 5 to 10 cm. The largest seine vessels can reach 36 m in
length, are powered by 480 HP diesel engines, and are crewed by
40 men. Fewer men would be required if the boats were equipped
with powerblocks. Fishing trips last 4-5 days for the smaller
boats (less than 20 m) whereas the larger (36 m) seine vessels
stay out for 7-10 days.
Tuna schools are attracted by light and by rafts made with
coconut palm leaves. The schools are normally detected by modern
acoustic methods and generally caught at night.
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4.5.2 Catches and yields
Annual yields for the tuna species caught in the Andaman Sea
by Thai fisheries from 1971 to 1983 are given in Table 19.
Table 19
ANNUAL TUNA YIELD CATCHES BY THAILAND
(in t) IN THE ANDAMAN SEA
FROM 1971 TO 1983
Years Seines Gil1nets TOTAL
1971 1 887 - 1 887
1972 1 671 20 1 691
1973 1 611 94 1 705
1974 1 156 54 1 210
1975 2 769 147 2 916
1976 1 737 76 1 813
1977 1 510 115 1 625
1978 1 999 96 2 095
1979 1 963 150 2 113
1980 625 141 766
1981 1 164 897 2 061
1982 9 248 324 9 572
1983 3 790 24 3 814
Until 1981 the annual landings remained fairly poor
(approximately 2 000 t), after which there was a marked increase
in 1982 due to increased fishing effort and the utilization of
the purse-seining with attraction techniques. In 1971 all of the
catch was registered by traditional Thai or Chinese seine-nets
(operating without FADs). The new form of seining (with previous
attraction of fish schools) was first introduced in 1979. In
1982, 61.7% of the total catch was attained in this way, with
34.2% by classic seining techniques, and about 3.5% with
gi1lnets.
The average yields recorded by the tuna seine fisheries vary
considerably from one year to the next. They ranged from 150 to
450 kg/day in the period 1975-1983 (IPTP, 1985).
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4.5.3 Species and size composition of the catch
Longtail tuna make up 80% of the catches recorded from the
Andaman Sea fishing grounds. The smaller specimens (less than
40 cm) are found all the year in coastal areas and are conse-
quently landed by the artisanal seine fisheries. The larger
individuals (more than 40 cm) are further offshore and are caught
by the large tuna seine fisheries.
Kawakawa are caught throughout the year along the shelf area.
They generally measure between 50 and 60 cm. Frigate tuna are
also caught all year long and measure 30-40 cm.
4.6 ARTISANAL TUNA FISHERIES IN THE ARABIAN SEA, RED SEA AND THE
GULFS
Table 20 shows the catches of tuna, and other species in the
Gulfs, the Red Sea and in the Arabian Sea (see Figure 108).
Table 20
TUNA, MARLIN AND KINGFISH CATCHES IN THE
COUNTRIES BORDERING THE GULFS AREAS,
THE RED SEA AND THE ARABIAN SEA
Tuna Marlin Uniden-
and Kingfish and tified Total
kawakawa swordfish tuna
species
Egypt (l) 320 320
Somalia (5 ) 1 000 1 000
Israel (l) 45 45
Saudi Arabia ( 2 ) ( 2 ) ( 3 )
(4) 596 3 250 1 000 4 846
Yemen AR ( 2 ) 724 2 788 3 512
PDR Yemen ( 2 ) 2 584 6 418 498 9 500
Oman (3) 9 000 9 000
Iraq ( 3 ) 100 100
I Kuwait ( 1 ) 64 64
Bahrain (l) 403 403
Qa t a r (1) 12 158 170
UAE (l) 4 545 6 292 10 837
Iran (l) 8 514 3 097 11 611
Total 17 424 19 320 498 10 916 48 158
.
(l) Source:
( 2 ) Source:
(3) Source:
(4 ) Source:
( 5 ) Source:
IPTP (1985); year 1983
Chakraborty (1984); estimate for 1983
Sivasubramaniam (1981); estimated production for
1976-1978
(2) for the west coast (3) for the east coast
FAO/UNDP (1970); estimate based on the annual averages
from 1964 to 1969
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The catches for the year 1983 were approximately 50 000 t,
20 000 t of which was kingfish, 500 t of marlin and swordfish,
and approximately 30 000 t of different tuna-like species, but
mainly small coastal ones. In most countries within the area the
catches are taken by artisanal craft, which, in many cases, are
not fishing exclusively on these species. Large skipjack and
yellowfin tuna seem to migrate in a northerly direction from the
Equator towards the Arabian Sea in October, a migration which
lasts the whole winter. These migratory stocks, together with the
local tuna species, are caught by the various artisanal
fisheries.
4.6.1 Egypt
Egyptian tuna fisheries have been yielding 300 t/year since
1981 according to the FAO statistics (IPTP, 1985). Chakraborty
(1984) found that 10-15 m boats, handlining, longlining and
gillnetting, took low catches of tuna (about 33 t/year), out of
the total production, in 1983, for the semi-commerclal sector
which reached 1 700 t. There is no mention of artisanal catches.
During the surveys carried out by the R/V IKHTIOLOG, in 1964-
1965, 8-kg tuna identified as yellowfin were caught while
trolling off the Gulf of Aqaba; they were most probably longtail
tunas, a species frequently fished by neighbouring countries. The
fishery season starts in May and ends in August-September.
4.6.2 Sudan
The catches of tuna and tuna-like species do not appear in
the national statistics, but Chakraborty (1984) estimates that
100-200 t of tuna was comprised in the total for all species of
1 350 t for 1983.
According to Reed (1964) several species are caught around
Sudan: dogtooth tuna (Gymnosar~ u n i c o Lo r ) species would appear
to be most common. They are caught malnly from February to April
very often around reefs and coastal waters and respond well to
live baited hooks on trolling lines. Kawakawa are also caught by
trolling in this way; this species is common also and is caught
mainly from December to March. Artificial lures are employed to
catch striped kingfish which are plentiful between April and
September peaking in May off Dongonad Bay. Rogers (1982) con-
firms the abundance of striped kingfish in spring; in gillnetting
trials carried out by an FAO project in 1981, satisfactory
results, 100-400 kg/day, were achieved. According to Rogers
"bonito" are generally very common throughout the area.
4 • 6 • 3 Saudi Arabia (Red Sea coasts)
Handlining and gillnetting are the main techniques employed
by local tuna fisheries. Chakraborty (1984) estimates catches of
596 t; and about 3 000 t of kingfish. Peacockand Allam (1977)
report that kingfish and tuna make up about 50% of the fish
marketed in Jizan
tuna) which is the
kawakawa are also
possible northward
when the southeast
4.6.4 Ethiopia
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(4.2% kingfish, 4.5% kawakawa, 2.5% longtail
main centre for pelagic species. Kingfish and
caught off Jeddah, in autumn mainly, due to a
migration of these species during the monsoon
winds predominate.
The Ethiopian fishery, very active in the past, yielding
25 000 t/year in the fifties had declined considerably by 1981.
Recently there hase been an upward trend attaining 1 000 t/year
in the Assad region and 2 000 t/year for all the coastline.
No estimates are available for the large pelagics, tuna and
kingfish, which would represent only a small proportion of the
totals. Kawakawa and longtail tuna schools are common and
concentrated in open seas during summer and in coastal waters
during winter (Ben Yami, 1964). Kingfish are caught mainly by
trolling fisheries in April and May.
4.6.5 Yemen Arab Republic
Gillnets are widely used to catch tuna and kingfish (Walczak
and Gudmundson, 1975); handlining and trolling are also used by
the sambuk fishermen when nets are fishing.
In 1983, 2 800 t of kingfish and about 700 t of tuna were
landed. Hodeidah is the main landing centre. Schools of kawakawa
and longtail tuna are commonly found offshore (Sanders and
Kedidi, 1981). According to Agger (1973) small tuna are caught
from May to October, and kingfish all year round but peaking from
April to September. Some sailfish are also landed in Mocha.
4.6.6 People's Democratic Republic of Yemen
Total catches reached nearly 9 500 t (Chakraborty, 1984);
comprising 6 500 t of kingfish, 2 500 t of tuna, and about 500 t
of sailfish. The artisanal sector yields 92% of the annual catch
fishing with local traditional boats known as "houri" measuring
5 m, or "sambuk" measuring 6-15 m and powered by engines. The
most common gear employed are handlines and gillnets.
Kingfish are caught in waters not exceeding 100 m in depth
from Aden to Ras Fartak in the south all year long. Peak periods
occur twice yearly: from June to August around Aden, and from
September to May in the north region. Tuna species found
throughout PDRY are: frigate tuna, skipjack, kawakawa, yellowfin
and longtail tuna. Frigate tuna is not abundant and yields are
generally low.
Kawakawa and skipjack are given the same name locally and
cannot therefore be separated in the statistics. However,
kawakawa seems to be more plentiful than skipjack. Longtail tuna
are landed in large quantities in Aden throughout the year,
whereas yellowfin, caught along the coast, vary in yields from
year to year.
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4.6.7 Djibouti
The Djibouti fishery is exclusively artisanal and concen-
trated in the waters nearest to the capital city. The most
commonly found species are the yellowfin and kawakawa, but some
longtail and skipjack are also caught. Gillnets are employed to
catch kingfish.
Of the total marine production of 400 t tuna and kingfish
accounted for 90-100 t. In 1980, the Fishermen's Cooperative in
Djibouti reported the following species breakdown: yellowfin
17t, kingfish 51 t ,kawakawa 4 to More than half the kingfish catch
is landed between April and June. Kawakawa are plentiful from
April to December p e a k l n g in autumn when they are caught by the
trolling and gillnet fisheries. Small yellowfin are plentiful
from May to November in the southern region where they aggregate
in small schools. The average sized yellowfin (4-15 kg) prefer
the shelf area off Godoria from September to January and respond
well to trolling.
4.6.8 Somalia
Artisanal tuna fisheries are long-established off the
northern coasts in the Gulf of Aden; they support the markets for
fresh fish and dried fish, haneed, which keeps well. In 1930 a
small processing facility began and operated until 1970. Two
other units were installed on the north coast and were supplied
by the artisanal fisheries through longlining, gillnetting and
seasonal trolling activities. The stocks, however, proved to be
too far from the coast to be exploited by artisanal vessels.
Towards the end of the seventies, these units were compelled to
close for lack of supply.
Yellowfin catches a r e I r r e g u La r and are comprised mainly of
young individuals as they move back and forth through Somali
waters. When yellowfin landings are poor, longtail tuna become
more plentiful. Yellowfin concentrate along the Somali coasts
during the inter-monsoon periods: in October-November and in
early spring, in March. According to Losse (1975) when y Le Ld s
are poor in Somalia, they are better along the Arabian coasts
which implies a northward migration from December to February.
The main fishing grounds are near Kandala and Habo in the
east of the Gulf in 200 m depths about 5 miles off the coast.
Longliners are active from October to November at the beginning
of the season when the thermocline is shallow. Gillnets are
wid e 1 y em plo ye din c o a s tal wa t e r s , 3 n cl cat c he s c o mp r i se yell 0 w-
fin, with some small tuna, ktngfish and shark. East of Habo
yellowfin are caught all year round, also during the southwest
mo n s o o n , Around Habo and Alula longtail tuna are caught mainly
towards the end of the southwest monsoon (August-September).
4.6.9 Oman
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Large pelagics form the target species of the artisanal
fishery. The more common tuna and scombroid species are longtail
tuna, kawakawa, kingfish and yellowfinJ whereas other tunas like
the f rig ate tun a, ski P j a c k 0 r s t rip e d b 0 nit 0 (S a r .Q.~ .9..£ i e n t ~!..~ )
are rarer (FAO, 1981a). From June to November 1978, 50% of the
landings in Muttrah were made up of large pelagics with 84% and
67% peaks in June and July, respectively. Peak catches for
longtail tuna were achieved in June and September whereas king-
fish catches peaked in July and August. The highest kawakawa
catches were attained in August and November.
In the other regions: e.g., Khabura, on the coast of Batina,
large pelagic species, particularly tuna, are less frequent in
the "houri" landings; this is because the continental shelf is
very wide at this point and fishing takes place very near to the
coast, as evidenced by the numerous houris making several trips
and landings each day. - In the past, many experts have indicated
that yellowfin used to be plentiful off Oman throughout the year
with peak production in July and December. Yesaki (FAO, 1981)
observed many longtail tuna schools (one species seems to
exclude the other, as when one is present the other is rare),
but it is possible that these two species (yellowfin and longtail
tuna) have been confused and misidentified since they are similar
when young. Poor dissolved oxygen levels throughout the area
seem to indicate a majority of longtail tuna schools.
Kawakawa are frequently caught by trolling but more often
gillnets. The kawakawa season lasts from June to August. In
spite of peak production in July and August observed by Yesaki in
1978, kingfish are generally plentiful during the northwest
monsoon from November to February. Acoording to Sivasubramaniam
(FAO, 1981a) the Omani tuna and kingfish production reached about
9 000 t/year from 1976 to 1978. Studies on supplies to the
market in Muttrah indicated that 70% of the fish were caught in
the Gulf of Oman and that the remaining 30% came from the east
coastal waters south of Ras al Hadd (and 18% of this from the
Batina coast).
4.6.10 United Arab Emirates
The coasts of the UAE border the Persian Gulf along 720 km
and the Gulf of Oman for about 70 km. In 1983 the annual yield
was es~imated at 11 000 t (IPTP, 1985) comprising: kingfish
6 000 t, 5 000 t small tuna of various species. The main species
are: kingfish, kawakawa, and longtail (the striped variety of
kingfish being more common). All the above are caught by the
artisanal fisheries with troll lines and gillnets. Kingfish
catches are plentiful in October and November but quite neg-
ligible in May-June. Large schools reach the Gulf through the
Strait of Hormuz in September to leave again in spring (March-
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April). Tuna are caught almost throughout the year with peak
catches between October and June. According to Messieh (1983)
the seasonal character of their abundance causes marketing
problems as there is no storage space when catches are plentiful.
White and Barwani (1970) indicate that approximately 55% of the
catches come from the east coast fishing grounds (Emirates of
Sharjah and Fujairah) which open up in the Gulf of Oman.
4.6.11 Qatar
Tuna and kingfish make up 25% of the artisanal fisheries
catches, kingfish being next in preference after the c a r a ng Ld s ,
Catches of kingfish were estimated at 177 t in 1982, 158 t in
1983 and small tuna at 16 t and 12 t, respectively, over the two
years (IPTP, 1985).
4.6.12 Bahrain
Of the total marine production of 3 500-3 700 t kingfish
yielded approximately 400 t in 1983 growing steadily from 1976
to 1978 when the same species yielded only about 100 to Gillnets
are the main gear used in the following provinces: Muharraq,
Sitra and Zallaq. The main fishing season begins in November-
December and ends in May-June (Shimura, 1978). Catches are also
taken by trolling from December to March by vessels heading out
to the fishing grounds for mackerel (Vidal Junemann, 1979).
4.6.13 Kuwait
According to Morgan (1985) kingfish catches reach about 30 t
in 1984, divided equally between striped and spotted k I n g f Ls h ,
Gillnets are used and other large coastal pelagic species are
also caught in quantities varying from one year to another,
ranging from 56 to 718 t between 1980 and 1984. This fishery is
seasonal with a maximum from November to May and practically nil
catches during that period (June to October).
4.6.14 Iran
Tuna and kingfish comprised 26% of the country's total
marine production in 1983, with an annual yield of approximately
11 600 t. The fishery is artisanal and the most popular technique
is gillnetting even though other gear is also used while the
gillnets drift (trawls, traps). Gillnet mesh sizes vary between
110 and 216 mm according to the target species. Kingfish are
generally caught with 110-120 mm meshes, the larger sizes are
employed to catch longtail tuna and kawakawa. Accurate statistics
are dif ficul t to obtain because of the wide dispersion of the
fisheries all along the coast and because the same boats are
equipped to transport goods as well. The data made available to
FAO show that longtail tuna are the most popular with 6 000 t ,
kingfish 3 100 t and kawakawa 2 600 t.
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Kingfish are mainly caught in the Dayer fishing grounds in
the north (Bushehr province) whereas tuna are caught generally
near the Strait of Hormuz and Jask. In these two regions longtail
tuna catches peak in April through September before the schools
enter the Persian Gulf. Kawakawa are caught in spring in this
region as well as in the Persian Gulf and northward. Skipj a c k
are sometimes found in the Strait of Hormuz but are more frequent
along the coasts of the Gulf of Oman. Few yellowfin are caught
in these coastal waters.
4.6.15 Pakistan
Official statistics for 1983 place the total marine pro-
duction at 12 000 t, comprising tuna, kingfish, and marlin.
Kingfish catches, some 8 200 t, have been increasing regularly
since the 1970s. The principal tuna species landed are kawakawa
(2 900 t), followed by 700 t of "chuki" (the local name for both
skipjack and frigate tuna; but in this case frigate tuna predo-
minated) (Appleyard ~!. ~l~, 1981). According to McNeilly (1983),
the Baluchistan fishing grounds are exploited more intensively
between April and September. Frigate tuna are caught from
November to March.
Even though local hydrological conditions do not favour the
presence of the large tuna species (Sharp, 1979), it occasionally
happens that during a short period the longliners take small
quantities of yellowfin and bigeye tuna from deeper waters.
Yellowfin, bigeye and skipjack are seldom observed on the
surface. The R/V DR FRIDTJOF NANSEN sighed no tuna schools on
the surface during five surveys carried out between 1975 and 1977
in Pakistani and neighbouring waters. Few frigate tuna were
spotted 30 miles from the Mekran coast (west coast) and a further
7 schools were sighted between 30 and 180 miles farther offshore.
4.7 ARTISANAL TUNA FISHERIES IN THE WESTERN INDIAN OCEAN
Artisanal fisheries in the Western Indian Ocean, and espe-
cially along the East African coast are little developed.
4 • 7 • 1 Comores Islands
Tuna landings attain 1 800 t, which represents 40% of the
country's total catches, broken down as follows: kawakawa
1 000 t, skipjack 300 t and yellowfin 100 t only. There are
about 400 t of unidentified tuna, probably including kingfish. An
island by island distribution pattern shows that 720 t come from
the Grande Comore, 900 t from Anjouan, 180 t from Moheli. Dugout
canoes use handlines or, if they are equipped with engine,
trolling techniques. South of the Grande Comore some gillnetting
is also carried out. About 80% of the tuna landings in the
various islands are caught between October and February.
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4.7.2 Madagascar
There is no truly artisanal fishery in Madagascar. Some
trolling is carried out very locally and does not appear in
official statistics.
4. 7.3 Seychelles
Annual yields are generally poor (300-400 t/year). The bulk
of the catches is made up of little species (kawakawa and frigate
tuna). Yellowfin are also caught. Some trolling takes place,
mainly during navigation to the main handlining fishing grounds.
4.7.4 Mauritius and Reunion
Some tuna as well as marlin and sailfish are caught by the
artisanal fisheries operating troll lines in coastal waters from
8-12 m boats.
4.7.5 Kenya
There are no data available on the state of the artisanal
tuna fisheries operating in this country. Some small boats
employ handlining and gillnetting techniques in the north near
Somalia. Catches of 80 t were estimated in 1983.
4.7.6 Tanzania
Different gear is employed in the tuna fisheries
Tanzanian coasts. The main techniques are handlining
netting. IPTP statistics indicate a yield of 800 t for
4.7.7 Mozambique
along the
and gill-
1984.
The gear employed along
are the same as those in
averaging only 100 t/year.
the coastal waters of this
Tanzania but catches are
country
lower,
4.8 TRIALS WITH FISH AGGREGATING DEVICES IN THE INDIAN OCEAN
Pelagic fish have a strong tendency to concentrate below
floating objects, which can be drifting or fixed. The reasons for
such behaviour are still unknown, but different studies seem to
indicate that the smaller species seek shelter below these
objects and that a number of different physiological factors
(olfactory, visual, auditive, trophic) help to keep the fish near
the fish aggregating devices (FADs). Trials have been carried
out with FADs (many of them during the course of FAO projects) to
increase artisanal tuna yields. The FADs used were of the fixed
type, also known as "payaos".
4.8.1 Thailand
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Two FADs were installed between January 1980 and February
1981 (Lee, 1982). The first was the payao type made of bamboo,
V-shaped and measuring 8 m. It was anchored off Similan Island
(in the Andaman Sea) in 240 m of water. The second was a steel
platform 3 m long, and was originally anchored in the same area
as the previous one and then moved to shallower waters (70-80 m).
Both FADs were dressed with coconut palm leaves hanging down on
20-m lines over the sides. The results were discouraging since
no commercial species was caught in proximity of the payaos even
after 3 months. Only some triggerfish (Abalistes sp.) were
observed. Much the same results were obtained from the steel
raft. The p a y a o s only attracted some triggerfish, a few
carangids, some small kawakawa (Euth~nnu~ affinis) and skipjacks
weighing less than 1 kg.
4.8.2 Maldives
Between 1980 and 1982, 5 different rafts were tested: 200-1
barrels held together by a metal band, wooden crate, boat, and
foam-filled floats and tires. All these were anchored near
atolls so as to allow the local fishermen to inspect them
regularly (Peters, 1982). The most seaworthy proved to be the
wooden box and foam-filled floats. Bad weather broke them loose.
Foam-filled tires however stood up well to bad weather without
breaking away, and would seem in the long term to be the most
resistant type.
During the 5 days after the rafts were installed small fish
were aggregated, mainly rainbow runners (Elagatis sp.) and
triggerfish. Later the FADs attracted larger individuals:
skipjack, yellowfin, dolphin fishes (f.oruhaena sp.), frigate
tuna and kawakawa. The skipjack caught around the FADs weighed
1-5 kg, yellowfin 4-8 kg, and frigate tuna a maximum of 2 kg.
These trials were successful in a number of ways: local
fishermen showed keen interest, with consequent little sabotage;
and regular concentration of various species around the FADs. The
fishermen stated that after a while they could fill their boats
twice daily in proximity of the FADs whereas only once pre-
viously. Moreover, minimal quantities of bait became necessary to
catch tuna and associated species around the FADs and several
good catches were recorded in March when generally catches were
little productive.
4.8.3 Seychelles
In 1982, several FADs were installed on the continental shelf
off Mahe Island in waters averaging 60-70 m. The object of this
exercise was to improve the locally built rafts for maximum
efficiency. A first model made of foam-filled tires floating
singly but strung together with an appropriate line, proved
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unseaworthy and disappeared after 2 to 3 months. Other models
mainly built of bamboo and of cylindrical shape were tested with
little success and proved unseaworthy. Some of these were sabo-
taged by local fishermen. Those that had been spared attracted
fish and the yield, without being exceptionally good, made its
contribution to the artisanal fishery.
A further trial was set up over the external slope of the
Mahe shelf in 1986. Five foam-filled barrels held within a metal
band were anchored in 500-1 500 m of water. The catches around
the FADs were excellent. Tuna were reported in proximity of the
FADs only 10 days after installation.
4.8.4 Other experiments
A number of FADs were anchored off the Comores in depths
ranging between 350 and 1 850 m. They were of the same type as
those tested in the Seychelles. They lasted only a short time.
Nevertheless, several good catches were made in proximity of the
FADs, to the extent that the market price of tuna in Anjouan was
reduced by half during the two weeks the FADs were deployed (De
San, 1983).
Two rafts were anchored off Mauritius but the experiment was
a complete failure as the first one was lost while at anchor, and
the second was sabotaged by ill-informed local fishermen. Further
trials are underway since 1985.
4.8. 5 Conclusion
The use of anchored FADs in the vicinity of islands has
become fairly popular in the Indian Ocean. However, even if the
tests are strongly encouraged, the results do not always come up
to expectations as diff~culties invariably arise due to: lack of
fish in a given area (for example in the Andaman Sea), or FADs
not remaining long enough to "age" by gathering sea weeds and
other flora which increases their attraction potential; as well
as sabotage, and other signs of vandalism for a variety of
reasons.
Howeve r in favourable conditions rich resources, appro-
priate material, cooperative fishermen - results can be excellent
in terms of cost-effectiveness as catches are virtually always
guaranteed and running costs reduced (cost of fuel mainly).
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5. SURVEYS ON SURFACE-SWIMMING TUNA SCHOOLS
Tuna surveys aimed at exploiting surface-swimming tuna
schools were first carried out by Japanese fleets, followed by
the French. There were several expeditions in the Western Indian
Ocean and later in the Eastern Indian Ocean. Different tech-
niques were deployed: trolling, pole-and-line with live bait and
purse-seining. In chronological order there are two main periods
of activities: from 1971 to 1974 surveys with pole-and-line and
trolling gear; and from 1979 operations resumed with conventional
pole-and-line and purse-seine techniques.
far as
region
oft he
between
selected: northwest of Madagascar as
to the west and the Aldabra-Cosmoledo
well as in the immediate vicinity
the international territory s I t u a t e d
Chagos Islands economic zone.
Two areas were
the Comores Islands
to the north; as
Seychelles and of
the Seychelles and
5.1 SURVEYS BY LIVE-BAIT POLE-AND-LINE VESSELS
5. 1. 1 In the Western Indian Ocean
The schedule of the surveys was as follows:
October 1971-January 1973: exploratory surveys with three
pole-and-line vessels (37-40 m long, 192-214 GRT, 30-35
crew), organized by the Kaigai Gyogyo Company from Nossi-Be
(northwest Madagascar); the satisfactory results obtained
lead to the creation of COMANIP, a joint venture for
commercial fishing (Chapter 6).
January-September 1973: following the surveys carried out
by the Kaigai Gyogyo Company, the Toshoku Company also
explored the area with a pole-and-line vessel;
4-20 May 1973: Survey of the French pole-and-line vessel
MACAREUX which started at Nossi-Be, then proceeded to
Aldabra and the Seychelles plateau;
September 1973: a pole-and-line vessel of the Manivico
fleet of Madagascar operated in the same areas as the
Kaigai Gyogyo vessels for one year;
June 1981-March 1982: following an agreement ~etween the
Seychelles and Spanish authorities, two Spanish
Basque-type pole-and-line vessels, NUEVA MADRE DEL
CANTABRICO and the BAHIA DE SANTO~A,join in the fishing'
activities;
September 1983: marks the beginning of an FAO expedition
along the Mozambique coasts for one year;
October 1983: beginning of another FAO expedition ~n the
immediate vicinity of Zanzibar (Tanzania).
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5.1.1.1 ~~~anese surveys in Mad~~£~£
In October 1971. the Kaigai Gyogyo carried out a rapid
reconnaissance survey to estimate the live-bait potential in the
northwest area off Madagascar and the possibilities of exploiting
s k i p j a c k , The first results were encouraging and the Company
decided to undertake a more extensive and intensive survey with a
view to evaluating the feasibility of exploitation on a com-
mercial scale. To this end. a fleet of three Japanese pole-and-
line vessels operated for a whole year from Nossi-Be in the area
comprised between the northwest coast of Madagascar and the
Grande Comore Island as far as Aldabra (Figure 109).
Catches and yields: in one year. the three pole-and-line
fisheries landed 4 000 t of tuna. of which 3 770 t were skipjack.
The monthly catch breakdown is given in Table 21.
Table 21
MONTHLY CATCHES REGISTERED BY THE THREE POLE-AND-LINE VESSELS
OF THE KAIGAI GYOGYO COMPANY
DURING THEIR FIRST EXPEDITION
(Dupont and Ralison. 1973)
S P E C I E S
Month Skipjack Yellowfin Bigeye Total No. ofKawakawa catches fishing-! days
1972
--
February 140.0 1.8 0 3.8 147.6 48
March 385.9 41.6 4.6 0.2 432.2 65
April 307.5 33.8 0.3 1 • 1 342.8 59
May 295.3 11. 1 O. 5 o•7 307.6 57
June 310.0 22.6 2 • 1 0.2 334.9 52
July 254.5 14.5 0 O. 1 269. 1 60
August 114.4 10.2 O. 1 0 124.8 34
September 364.4 26.8 1.8 0 393. 1 62
October 288.0 27 • 1 3.8 1.3 320.2 69
November 383.8 13. 1 0 0 397.0 59
December 439.2 5.8 , 0.7 0.7 446.4 65
1973
---
January 484.8 1.6 0 1.3 487.7 36
Total 3767.6 210.2 14.0 11. 5 4 003.2 666
% 94. 1 5.3 0.3 0.3 100
, )
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Excluding (February) the first month of exploitatiqn. July
and August. monthly production was always above 300 t. The
highest production was attained in January with nearly 500 t. The
best fishing season corresponds to the warm or rainy season
(December-March); while production decreases during the dry or
cool season (July and August). Results vary greatly from one
month to the next according to the different areas covered
(Figure 110).
Live bait: the live-bait fisheries use blanket nets or "boke
ami"; they operate at night attracting the fish by lamparos.
Several sets are made dur{ng, the night until a sufficient quan-
tity of live bait has been taken.
Monthly catches together with average yields are shown in
Table 22. In August. yields dropped considerably as the boats
remained inactive without live bait for 7 consecutive days.
Skipjack catches were also lower as the schools did not respond
well to live bait.
Table 22
MONTHLY LIVE BAIT CATCHES AND TOTAL YIELDS REGISTERED
BY THE KAIGAI GYOGYO COMPANY WITH THREE POLE-AND-LINE VESSELS
(Dupont and Ralison. 1973)
Total No. of Averge yields
Month catches fishing- per boat/night
nights (kg)
1972
---
February 7 300 25 294
March 9 900 29 340
April 7 100 19 373
May 9 600 22 437
June 12 900 25 515
July 11 400 26 443
August 8 100 37 216
September 1 7 900 47 381
October 15 500 31 500
November 14 700 42 351
December 1 1 200 20 559
1973
--
January 6 400 14 454
Total 132 000 337 391
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Sur~~~ by the Toshoku Company
The DAIDO MARU, pole-and-line vessel belonging to the Toshoku
Company, carried out fishing trials off Madagascar between
January and September 1973. The vessel, based in Tamatave on the
east coast, was authorized to examine only the area south of a
line extending from Majunga (west coast) to Cape Masoala (east
coast). Taking into account the low yields obtained in this area
at the beginning of the survey, the vessel moved towards the
northwest coast where almost the entire catch was taken. The
results obtained during the nine-month expedition are summarized
in Table 23. The yields are similar to those registered by the
three pole-and-line vessels belonging to the Kaigai Gyogyo,
including the same drop in yield during August.
Table 23
MONTHLY CATCHES AND YIELDS ATTAINED BY THE DAIDO MARU
FROM JANUARY TO SEPTEMBER 1973
(Dupont and Ralison, 1973)
Month
Total
catches
( t )
No. 0 f
fishing-
days
Yield per
fishing-
day (t)
January 46.5 14 3.3
February 67.2 10 6. 7
March 81.0 13 6.2
April 80.6 12 6. 7
May 71.0 11 6.5
June 89.0 1 7 5.3
July 63.0 13 4.8
August 34.4 13 2.6
September 15.5 4 3.9
All fishing for live bait was carried out along the east
coast principally in Antongil Bay. A total of 7 t was caught in
45 nights, averaging 160 kg/fishing-night. This result is fairly
poor when compared to the results obtained by the pole-and-line
fisheries exploiting the northwest coast.
From September 1973 to July 1974, the KUROSHIO MARU 72, owned
by the Manivico Company and chartered to the Nichiro Gyogyo Ltd.,
carried out fishing trials based at Diego Suarez. Pole-and-line
and live-bait fishing were performed off the northwest coast of
Madagascar. Average monthly tuna catches were 50-70 t peaking in
April with 150 t.
5.1.1.2
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~her_~~~s in the Southwestern Indian Ocean
In 17 fishing-days between April and May 1973, 4.3 t of tuna
were caught between northwest of Madagascar and the Comores
Islands. The VENDOME carried out trials with both pole-and-line
and purse-seine: 1 t of skipjack and 1.2 t of yellowfin were
caught by pole-and-line, and 1.5 t of skipjack and 0.6 t of
yellowfin by seining.
The size distribution of skipjack showed a modal class at
54 cm length from the fishing grounds north of Madagascar and
near Nossi-Be, and 49 cm from the fishing grounds around the
Comores Islands (Lebeau, 1973). Excluding a few small yellowfin
(5-7 kg) caught by pole-and-line, the bulk of the catch was made
up of 25-30 kg individuals.
- ~~~~~_~~ the MACAREUX
This Basque-type pole-and-line vessel spent little time at
the fishing grounds: 3 days fishing off No s s I r-Bf for live bait,
10 days travelling and search, 4 days for fishing tuna. The
fishing grounds surveyed were off Aldabra (where the fish did not
respond to bait), west of the Amirantes and the south bank off the
Seychelles: 7.5 t of yellowfin and 0.75 t of skipjack were
caught. High water temperature and localized rough seas caused
high mortality among the live-bait species resulting in poor
catches (Lebrun, 1973). Skipjack averaged between 50 and 60 cm,
and the yellowfin tuna formed two distinct groups, the first
comprising individuals measuring between 54 and 60 cm and the
second between 95 and 115 cm.
- Spanish surve~s in the Seychelles
These surveys began in June 1981 and were scheduled to last
one full year but various problems interrupted the programme and
activities stopped in March 1982. Two vessels were employed; these
we re:
BAHIA DE SANTO~A: 24 m LOA. 120 GRT, 420 HP with a crew of
14 ;
NUEVO MADRE DEL CANTABRICO: 26 m LOA, 124 GRT, 400 HP with a
crew of 18.
Both these vessels employed 240
live-bait fishing and sonar equipment
schools at night.
x
to
70 m seine nets
locate live-bait
for
fis h
Live bait: early in the survey, trial fishing at night
lamparos was carried out in the bays surrounding Mahe (the
island of the archipelago). Several failures induced
with
main
the
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fishermen to search for small pelagic species, on the shelf by
night, which could be used as live bait. As a result scads
(Decapterus) were found in the south-southwest of the shelf and
caught fairly regularly until December. During the first part of
the survey no more than 20% of the sea-time was dedicated to
live-bait fishing. In February, however, both boats spent almost
45% of the time in search of live bait (Cort, 1983). The main
problem encountered by both crews was the excessive size of the
bait caught, which resulted in a poor response from the tuna.
Catches and yields: 568 t broken down as follows: 385 t of
yellowfin tuna, 182 t of skipjack and 1.5 t of little tuna
s p e c i e s ( Q~~nos a r d~ un i col 0 rand Ac a £!.h 0 £~ i um sol and r i ) we r e
caught from July to December in 1981. From January to March 1982
the two pole-and-line vessels totalled 44 t, of which 75%
yellowfin tuna and 25% skipjack. Table 24 gives the monthly
breakdown.
Table 24
MONTHLY BREAKDOWN OF TUNA CATCHES AND YIELDS
RECORDED BY THE TWO SPANISH POLE-AND-LINE VESSELS
IN THE SEYCHELLES FROM JULY 1981 TO MARCH 1982
(Cort, 1983)
Year Month Catch No. of Yield pe r
( t ) sea-days sea-day
( t )
July 29.5 31 1.0
August 52.4 12 4.4
1981 September 60.7 18 3.4
October 187 • 9 28 6.8
November 177 .5 21 8.5
December 59.7 6 10 . 0
January 20.8 3 6.9
1982 February 10.0 4 2 .5
March 13.0 4 3.3
-
Total 611. 5 127 4.8
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Yields vary from one month to the next: from a catch of 1 t
at the beginning of the expedition to approximately 10 t/fishing-
day in December, with a decrease to 2-3 t/day in February-March.
From September to January yellowfin schools apparently have a
tendency to form compact schools resulting in higher catches than
in February to March when they are more scattered (Cort, 1983).
Traditionally, Spanish crews have always preferred yellowfin to
skipjack tuna, which explains the high proportion of yellowfin in
comparison to skipjack throughout the survey and the poor results
in February-March when yellowfin are more difficult to catch.
Figure 111 illustrates the fishing grounds exploited during the
expedition and the yields recorded.
The monthly size breakdown during the expedition (Figures 112
and 113) shows that whereas skipjack tuna form a single group of
individuals measuring 50-60 cm fork length and weighing 3-4 kg,
the yellowfin tuna is divided into two groups, the first of indi-
viduals weighing 4-5 kg with a predorsal length of 20 cm, and
15-20 kg individuals measuring 25-30 cm predorsal length.
5.1.1.3 Sur~ on the east coast of Africa
Seven research vessels have been actively engaged in
observing tuna resources in Mozambique at different times between
1976 and 1979. Unfortunately, as assessment of tuna resources
was not their sole objective, the information gathered was
insufficient. Complementary surveys, directly oriented towards
obtaining more information on tuna were undertaken towards the
end of 1978 with a longlining vessel. Later, in. September 1983,
an experimental tuna fishing programme with pole-and-line and
live bait was launched, and a pole-and-line vessel from Cape
Verde measuring 39 m LOA and powered by a 1 000 HP diesel engine
was chartered by FAO.
Between September 1983 and April 1985, 17 expeditions were
carried out by this pole-and-line vessel for a total of 302 days
at sea, of which 115 days (38%) were dedicated to tuna fishing,
146 days (48%) to catching live bait, 17 days sailing (5%) and 24
days of inactivity due to bad weather. The areas surveyed
covered the Mozambique coast from Maputo in the south to Pemba 1n
the north.
In 17 expeditions, 336 t of tuna were caught with an average
yield of 2.9 t/fishing-day and 1.1 t/day at sea. The catches were
made up as follows: 86% skipjack, 12% yellowfin, 0.3% bigeye, and
the remainder small tuna species. The best yields were obtained
south of 22 0 S in the Maputo region (Figure 114); more tuna
schools were sighted north of 17 0 S than elsewhere but response to
live bait was poor (Table 25~.
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Figure 112. Sizes of the skipjack tuna
caught by the pole-and-line
vessels (Cart, 1983)
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Table 25
NUMBER OF SCHOOLS SIGHTED AND SCHOOLS CAUGHT,
YIELDS BY AREA DURING THE EXPEDITIONS CARRIED OUT BY
THE POLE-AND-LINE VESSEL OFF MOZAMBIQUE
(Moreira Rato, 1985)
Fishing No. of s c ho 0 1 s No. of schools Yield (t)
a rea observed fished
Yellowfin Skipjack
Area I
(north of 17 0S) 507 96 0.06 0.54
Area 11
(17 0S-22 0S) 58 46 O. 12 1. 20
Area III
(south of 22 0S) 273 253 0.59 4. 1 1
During the 146 days dedicated to live-bait fishing, several
techniques were employed for a total of 155 trials throughout the
country. During daytime, 75 purse-seine sets were made (48
positive and 27 negative), for a total catch of 3 910 kg of live-
bait, averaging 52.1 kg/set. During the night, 61 sets were made
(58 positive and 3 negative) for a total catch of 8 160 kg of
live bait (average yield 134 kg/set). Sardines (Sardinella
~bosa et ~~ melanura) made up most of the catch (67%/day,
42%/night) followed by carangids (Sela.E. crumenophthalmus,
Decapterus sp.). Trials were also carried out with the boke ami 6
times during the day and 10 times at night and brought in 620 kg
of live bait for an average of 40 kg/set: carangids and
engraulids made up most of the catch. Beach seines were also
deployed but with poor results. The best and most regular yields
were obtained from the north zone.
- SurveL--in Tanzania
Surveys were carried out aboard the TAURO a stern trawler
(22 m 3LOA and 370 HP) converted for pole-and-line fishing with a4.5 m fish-hold (capacity 60-70 kg of live bait). Nine expe-
ditions for a total of 33 days at sea were carried out between
October and December 1983.
Live-bait fishing was carried out at night with a boke ami
net measuring 10 x 8.5 m with 6 mm meshes. The fish was
attracted by two surface lights (500 Watts each). Fishing took
place in 12 fishing grounds between Zanzibar and Pemba during 21
nights and yielded 992 kg of small pelagics in 45 sets. The main
species caught were ~~rdi~~~ spp., Her~lotsichth£~ ~ctatus
and Stolephorus spp. (Lee, 1983).
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Searching-time for tuna totalled 129 hours: 115 schools were
sighted (0.89 schools/hour) t 50 schools were baited of which 26
with positive results. It was possible to identify 70% of the
schools t the skipjack being most abundant (64%) t then yellowfin
tuna (18.5%) followed by mixed schools (12.4%) and kawakawa
0.7%).
Yields per fishing-day were very variable: from 0 to
2.5 t/day with an average yield of 800 kg/day. Skipjack tuna
averaged between 2 and 5.5 kg and yellowfin between 2 and 9 kg.
5.1.2 In the Eastern Indian Ocean
Two series of surveys took place almost simultaneously in Sri
Lankan waters; one organized by a Japanese companYt the other by
FAO.
5.1.2.1 Ja~anese survey in Sri Lanka
As the Kaigai Gyogyo Company was completing surveys in
Madagascar and a joint enterprise (Madagascar-Japan) was about to
be formed t the Japanese organized new expeditions in the Eastern
Indian Oc e a n , and particularly off Sri Lanka. The Sri Lankan
Government authorized the Nichiro Fishing Company to survey the
region with a view to evaluating the feasibility of exploiting
tuna resources on a commercial scale.
Surveying was carried out by three pole-and-line vess~ls:
the SEISHO MARU, 266 GT, March-December 1973
the KURUSHIO MARU, 240 GT, June 1973-May 1974
the SHINSHYU MARU, 113 GT, May-October 1974
Live bait: in order to catch live bait two of the vessels
were equipped with seine nets measuring 270 m and 240 m
respectively, while the third deployed an 11-m boke ami. Each
vessel was equipped with live-bait fish-holds with a capacity of
approximatively 1.5 t. Live bait was caught at night either
using 200-300 Watt underwater lamps or 1 000 Watt surface lamps.
Fishing was mainly carried out in three areas: 36% in Chilaw
(west coast), 26% in the proximity of Trincomalee (east coast)
and 26% northwest of the island. Good results were rarely
obtained south of the island. Depending on the monsoon, live-
bait fishing took place along one coast or the other as follows:
from November to February on the west coast and the rest of the
year along the east coast so as to work in sheltered areas at all
times. Species breakdown is fairly even from one coast to the
other, but sardinella were always dominant (Table 26).
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Table 26
LIVE-BAIT DISTRIBUTION PATTERN REGISTERED
DURING THE JAPANESE EXPEDITION IN SRI LANKA
(Sivasubramaniam, 1975)
Species
~ard!.~!..!..~ sp.
Amb!..!.~~~ si rm
Carangids
Engraulids
.Caesonids (mainly
Dipterygonotus)
East Coast
(%)
67
7
7
8
7
West Coast
(%)
41
23
o
o
34
For live bait the yields obtained by the three pole-and
line vessels are very similar in spite of the fact that different
fishing techniques were used. They averaged 280 kg/fishing-day
and 400 kg counting only successful days. The three vessels
totalled between them 579 days at sea; 384 days (66%) were dedi-
cated to the live bait fishing of which 269 days yielded positive
results.
Tuna catch results: about 410 t of tuna (64.3% skipjack,
35.4% yellowfin and 0.3% frigate tuna) were caught by the three
pole-and-line vessels during the survey. Only 195 days were spent
over the tuna fishing grounds of which 148 yielded catches.
Despite their size, during the mo n s o o n , the three pole-and-line
vessels could only operate in the areas less affected by the
mo n s o on , Very often they remained anchored for an extra night
when live bait was scarce. In only 18% of the cases were the
three vessels able to head for the tuna fishing grounds during
the day that directly followed a single night's live-bait fishing
exercise. These constraints prevented them from attaining better
results: only 0.7 t of tuna were caught per day at sea. Consi-
dering only the days actually spent in search of tuna, the yields
averaged 2.1 t/day (Sivasubramaniam, 1975). The best results
were obtained from September to December. June-September proved
to be an unfavourable season for pole-and-line fishing as
confirmed by the artisanal fisheries. The main fishing grounds
are shown in Figure 115. Sizes for both yellowfin and skipjack
tuna vary; details of which can be found in Figure 116. Modal
sizes were 48-50 cm and 62-80 cm for yellowfin, and 44-66 cm and
58-60 cm for s k i p j a c k , Sivasubramaniarn (1975) estimated 0.6-4.6
kg of tuna caught for 1 kg of live-bait. These values are
inferior to those registered during the same period in Madagascar
(20 to 30 kg/1 kg of live-bait).
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~~rv,eY~L-FAO in Sri Lanka
The KOSEI MARU. a small Japanese pole-and-line vessel
(21.2 m LOA. 59 GT) was chartered by FAO from December 1973 to
March 1975 (Joseph. 1984). The survey results confirmed the
existence of two favourable fishing seasons. the first beginning
in February and ending in April. the second beginning in
September and ending in December. Daily yields exceeded 1 t/day
during these two periods. whereas daily catches averaged only
680 kg when measured over the entire year (Sivasubramaniam.
1977). Deducting the time spent in search of live bait. daily
average values drop to 180 kg/day at sea.
The KO SE I MA RU was e qui P pe d wit hac 1 ass i c 1 if t net for
catching live bait. The results were unsatisfactory. Most of
the live- bait catches were poor or nil. obliging the vessel to
spend 45% of scheduled sea-time searching for live bait. Later.
attempts were made with gillnets in the hope of landing tuna.
but· the results were again disappointing. and inferior to those
obtained by the existing artisanal fisheries.
5 • 1 • 2 • 3 ~~~ by FAO in rh a i1 and
In 1975 FAO initiated
tuna fishery in Thailand.
Systematic surveying was
September 1981.
a project to develop a pole-and-line
Preliminary trials were encouraging.
carried out from October 1978 to
Vessels and equipment: two trawlers were used after
suitable conversion. the PRAMONG 3 and PRAMONG 10 from the marine
station of Ph u k e t , The PRAMONG 3 (21.3 m LOA. 250 HP) was used
mainly to catch live-bait while the PRAMONG 10. a larger and more
powerful vessel (25.6 m. 412 HP). searched. located and caught
tuna. PRAMONG 3 used a boke ami net (18 x 15 m) with 10 mm
meshes. a small purse-seine measuring 200 x 20 m with 10 mm
meshes and a lampara (seine) measuring 227 x 19 m (with 200 m
sides and a 27 m pocket) with mesh sizes ranging from 16 cm at
the extremity of the wings to 10 mm in the pocket. Six surface
lamps (500 Watts each) and a 500 Watt underwater lamp attracted
fish by night. PRAMONG 10 also carried a smaller boke ami net.
and used it only complementarily as she was generally supplied
with l~ve-bait by PRAMONG 3 which was carried aboard in an
11.3 m fish-hold installed on the stern deck.
The two vessels totalled 540 days at sea. PRAMONG 3 spent 288
days exploring several coastal areas for live-bait. and PRAMONG
10 dedicated 252 days at sea searching and fishing for tuna.
Live-bait fishing results: PRAMONG 3 located 43 fishing
grounds during 276 fishing-nights and caught 25 t. Eighteen areas
were unproductive (less than 20 kg per set). Three different nets
were tested. The boke ami was used 238 times for a catch of 24 t.
little more than 100 kg/set. The 200 x 20 m purse-seine was used
14 times yielding 760 kg or 54 kg/set and the lampara gave poor
results (3 nil) so it was quickly abandoned (Hori and Yano.
1982). The main species caught were:
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- Anchovy: 6.4 t (25.5%)
- Sardinella: 5.1 t (20.4%)
- Atherinids: 4.2 t (16.9%)
- Horse mackerel: 2.9 t (11.7%)
- Sprats: 1.3 t (5.1%)
PRAMONG 10 spent 105 nights surveying 27 potential live-bait
fishing grounds. A total of 68 sets caught 5 t of live bait for
an average of 70 kg/set. The same species were caught as by the
PRAMONG 3 but in different ratios: atherinids 36%t sardinella
18%t anchovy 12% and horse mackerel 5% (Lee t 1982).
Tuna catch results: PRAMONG 10 spent 191 days searching for
tuna (including 1 720 hours of sighting). Some 1 914 schools were
located averaging little more than 1 school/hour (Lee t 1982)t and
60% of the schools were identified. The most predominant were
longtail tuna (63%) and kawakawa (18%). Some mixed schools (14%)
we r e also observed; skipjack schools were rare (3%). More
schools were sighted during the northeast monsoon t December-
March t than during the southwest monsoon (1.3 schools/hour
against 0.7). The tuna schools were generally small throughout
the year averaging 1.5 t per school from May to September and 2.4
t from October to March. Of the schools caught 81% weighed less
than 3 t (Lee t 1982; FAO t 1982).
Catches and yields: 192 schools were baited during the
southwest monsoon and 697 during the northeast mo n s o o n , a total
of 889 baited schools. Catches totalled 57 t of which 55 t were
taken during the northeast mo n s o o n , Yields vary a great deal
from one season to another: 23 kg/fishing-day were averaged
between May and September (a period of strong winds and rough
seas) while 504 kg/fishing-day were averaged during the northeast
monsoon. Longtail tuna was caught in much larger quantities than
any other species (48 t) - 4 t of kawakawa t 4 t of skipjack tuna
and 0.5 t of frigate tuna. Yellowfin were almost totally absent.
The conclusions drawn from this project imply that tuna
resources in the Andaman Sea are not sufficient to support the
pole-and-line fisheries. The problems encountered depend both on
the limited availability of live bait and poor response to
baiting by the longtail tuna.
5.2 SURVEYS WITH TROLLING GEAR
The operations which took place are listed in chronological
o rd er:
- 18 April-19 June 1972: the Compagnie Industrielle d'Armement et
de Peche based in Reunion sends the longliner-freezer ClAP to the
area. The ClAP sets out to estimate the potential of tuna
resources around No s s i r-Bfi , north of the Mozambique Ch a n n e L, the
East African coast from Mozambique to Kenya and the areas
surrounding the Seychelles Islands.
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- 20 February-10 March 1974: trials with trolling gear over the
Seychelles plateaux with two small tuna fishing boats, the ILE
PLATE and the ILE LONGUE; the two boats were assisted by the
VENDOME a purse-seiner which was to ensure the deep freezing of
the catches of the two small boats as well as her own;
- May 1980-June 1981: surveys were carried out around Mauritius
as part of a French-Mauritian Cooperation project;
March-December 1981: a German-Seychellese venture organized a
global fisheries research programme to establish the productivity
of the fishing grounds over the Seychelles plateaux. Two
32-m trawlers (the OSTSEE and the NORDSEE) were used to carry out
trial fishing with trolling and other gear.
The ClAP su~:
Three areas were surveyed:
(a) Northwest of Madagascar Comores Islands (5-21 March
1972). Two areas of tuna school concentration were observed: the
first off No s s i.r-Bfi , the other near the Castor and Geyser banks
and northeast of the Co mo r e s , This brief expedition suggested
better potential yields for pole-and-line fisheries than for
purse-seiners (Nockin and Leberre, 1972).
(b) East African coast (21-29 May 1972). No significant
stocks of tuna were observed in this area as meteorological
conditions were unfavourable. The few fish (yellowfin of
approximately 6 kg) were scattered and very mobile.
(c) The areas surrounding the Amirantes and Seychelles
Islands (30 May-12 June 1972). The largest schools found here
were mainly skipjack except for in the area east of the
Seychelles where yellowfin schools were seen. Three tonnes of
tuna were caught: 40% yellowfin, 60% skipjack.
The ILE PLATE and ILE LONGUE trials:
During the two expeditions (6 and 8 fishing-days
respectively) carried out between 20 February and 10 March 1974,
29 t of tuna together with associated pelagic species were caught
by these two 17 m vessels. The catch yielded 55% kawakawa, 20%
yellowfin, 25% various pelagic species. Satisfactory results
were obtained: 1 t/day/boat (Lebeau, 1974). The fishing grounds
exploited during this period were limited to those over the
plateau off the Amirantes Islands. In coastal waters tuna
schools were many but small. Yellowfin schools were too fast to
be effectively caught with trolling gear.
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Survey off Mauritius:
From May 1980 to June 1981, the ANUPAMA carried out trials
off Mauritius with trolling gear. The ANUPAMA is a 10.2 m LOA,
80 HP fibreglass vessel, with twin outriggers and 7 lines mounted
as follows: 3 over the stern, and 2 on each of the outriggers.
During 14 months of trials, 109 trips were made each averaging
10 hours, covering the west coast of the island (trials have
never been made on the east coast); 220 kg were caught, i.e.,
about 2 kg/10 h trip (Nedelec and Kallee, 1981).
Fishing trials in the Se~chelles aboard the OSTSEE and NORDSEE
These two vessels were equipped with 2 outriggers from which
six lines were mounted (6 lines per outrigger), and 4 lines were
let out over the stern. The surveys were carried out in 1981 and
in 1982 over the Seychelles bank (77% of the period) and along
the Amirantes plateau (14%) as well as exploring distant islands
and the 0 pen sea ( 9 %) ( S t e i n b erg ~.!:. ~.!..:.. , 19 8 2 ) • Cat c h rat e s ,
particularly for yellowfin and kawakawa, varied according to the
time of day, best results being obtained from 09.00 to 10.00 h
and from 16.00 to 18.00 h. During the 9 months of survey, the
period March-May seemedthe most productive with yellowfin and
skipjack throughout the entire area surveyed. Yellowfin and
kawakawa represented most of the 61 t caught (respectively 45%
and 31%). Skipjack represented only 3% of the total catch and
was found mostly in coastal waters.
5.3 SURVEYS BY PURSE-SEINERS IN THE INDIAN OCEAN
The first tuna surveys by purse-seiners in the Indian Ocean
were carried out by Japanese and Australian fleets. Later in 1975
two Canadian seiners were chartered to the United Nations to
survey the Andaman Sea. From 1979, a Japanese seiner flying the
Mauritian flag began fishing on a commercial scale to supply a
processing plant established on the island. In 1980 the French
began to survey fishing grounds in the Western Indian Ocean. The
ILE DE SE IN was the first purse-seiner to approach the Seychelles
and surrounding areas. Later, for a period of 7 months, another
purse-seiner the YVES DE KERGUELEN surveyed the same area. At the
same time a Japanese purse-seiner the NIPPON MARU ploughed the
east zone off Sumatra then, in 1983, sailed west between the
Seychelles and Chagos Islands.
5.3.1 Surv~~~_~.!..on~he west coast of Australia
In 1973 the 25 m lobster fishing vessel, WESTERN STAR, was
converted into a purse-seiner and equipped to carry out surveys
for a year along the northwest and west coasts of Australia.
Activities at sea began towards the end of August 1973 and 164
days were spent surveying.
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The area covered was between 17 0 and 34°S and operations were
near the coast never going out further than 30-40 miles. Some 443
schools of tuna were sighted (maximum in September 1973 and in
April 1974) and 4 t of kawakawa were caught in only 2 successful
sets. Several troll lines were let out while the vessel was
moving on and 524 fish were caught: kawakawa, skipjack and small
«4 kg) southern bluefin tuna (Robins, 1975).
5.3.2 Surveys in Thailand
Two Canadian purse-seiners, the SOUTHWARD HO (34 m LOA,
1 125 HP) and the ROYAL VENTURE (29 m, 850 HP) carried out three
experimental fishing expeditions with purse- seining gear in the
Thai waters of the Indian Ocean from November 1975 to January
1976, then again in August 1976. The nets employed were small:
850 x 75 m. Two different areas were covered during the first
two expeditions, the first going from the Thai coast in an
e a st - west d ire c t ion u n t i 1 9 5 0 E, and t 0 9 4 0 E i nth e sec 0 n d
expedition. The third expedition covered mainly the coastal
plateau.
In spite of good visibility, no large tuna species were
sighted either by the seine vessels or by the aircraft used as a
back-up service (Simpson and Chikuni, 1978). Few small tuna
species were sighted in open sea, but were plentiful near the
coast with schools ranging from 1 to 10 t, made up of longtail,
kawakawa, and frigate tuna. They were however impossible to
catch as they would quickly disperse the moment the vessels
approached them.
During the first expedition the nets were set only twice
yielding 5 t of frigate tuna the first time and nothing the
second due to mechanical failures. Tuna were more plentiful in
November-December 1973 than in January 1974 in the same area.
Disappointing results were obtained in fishing trials at dawn
after the fish had been attracted with lamps during the previous
night.
5.3.3 Survey by the ILE DE SEIN
This 48 m, 1 800 HP purse-seiner has a hold capacity of
320 t. She is equipped with seine nets 1 100 x 146 m. She sailed
throughout the Seychelles from 7 December 1980 to 5 March 1981.
The agreement between the Seychelles Government and the ship
owners Armement Co o p e r a t Lf Finisterien, made provision for some
of the fishing expeditions to be carried out in conjunction with
one of the Seychelles pole-and-line vessels owned by SOGET
(Chapter 6). The SOGET vessel was to try to bring together the
tuna schools when they were dispersed and fast-moving so as to
facilitate the purse-seine operation. Nets were set in two ways
according to circumstances and to fish behaviour: in the first
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instance the pole-and-line vessel would pull away from the tuna
school with the seiner setting the nets alongside the pole-
and-line vessel, or the pole-and-line vessel would remain still
baiting the school while the seiner set the nets all around her,
but allowing her to pull away at the last moment. Sometimes the
purse-seiner operated alone.
Three expeditions were carried out for a total of 79 days at
sea:
- first expedition: from 7/12/1980 to 17/01/1981
- second expedition: from 24/01/1981 to 17/02/1981
- third expedition: from 18/02/1981 to 05/03/1981
The total catch was approximately 470 t , Details per single
expedition, broken down according to fishing technique, are shown
in Table 27. Overall, 60 sets were made, with 18 nil results.
The, breakdown of tonnage per set is given in Table 28. Generally
the majority of the schools sighted were small and in 90% of the
cases each set yielded less than 20 t (nil sets averaging 30%).
Much drifting wreckage and debris were found during the three
expeditions and nets were set near them 36 times. The number of
sets made on drifting wreckage varied between expeditions: the
first, 40%, for the second and third, 92% and 83% respectively.
Of the total catch 75% was taken around debris and wreckage (353
t). The best single set yielded 25 t for an average of 10 t/set.
Success rates over drifting wreckage reached 89% in comparison
with 42% obtained on non-aggregated tuna schools.
The best fishing grounds were situated east of the Seychelles
EEZ, west of the Amirantes and northwest of Farquhar (Figure
117). During the first expedition surveying was carried out
further east in international waters where the majority of the
catches were made.
Daily yields did not improve when fishLng in conjunction with
the pole-and-line vessel, but the latter helped to increase the
catch per set ratio by 30% (Table 29). Yields recorded over
drifting wreckage and debris were twice those registered when
fishing off non-aggregated schools.
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Table 27
CATCH BREAKDOWN BY EXPEDITION
AND BY FISHING GEAR
(Le Hir and Stequert, 1981)
First Second Third
Fishing method expedition expedition expedition Total
Purse-seiner
alone:
Sea-days 12 12 24
Sets 19 3 22
Ni.l sets la 1 11
Catch ( t ) 125 18 143
Purse-seining and
pole-and-line:
Sea-days 29 12 14 55
Sets 16 la 12 38
Nil sets 5 0 2 7
Catch ( t ) 105 77 145 327
First trial
Purse-seiner setting
nets alongside pole-
and-line vessel:
Sets 8 4 5 17
Nil sets 3 0 1 4
Catch (t) 37 24 92 153
Second trial
Purse-seiner setting
nets all around
pole-and-line vessel:
Sets 8 6 7 21
Nil sets 2 0 1 3
Catch (t) 68 53 53 174
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Table 28
CATCH DISTRIBUTION (in t) OF SET NETS FROM THE
PURSE-SEINER ILS DE SEIN
(Le Hir and Stequert, 1981)
No. of --sets
Catch per set First Second Thi rd Total %
expedition expedition expedition
Nil sets 15 1 2 18 30
1 to 10 t 11 8 5 24 40
1 1 to 20 t 5 4 3 12 20
21 to 30 t 2 - 1 3 5
31 to 40 t 1 - - 1 2
41 to 50 t 1 - 1 2 3
Total 35 13 12 60 100
Table 29
YIELD BREAKDOWN ACCORDING TO FISHING TECHNIQUE
BY THE PURSE-SEINER ILE DE SEIN
(Le Hir and Stequert, 1981)
,------------------------------
Sea-day
( t )
--------------
Sets
( t )
Purse-seiner alone
Purse-seiner +
pole-and-line
On floating debris
On non-aggregated schools
5.96
5.95
5.95
6. 50
8.61
9.81
4.88
7.83
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The dominance of small skipjack and yellowfin tuna is due to
the fact that the bulk of fishing activities took place around
drifting wreckage and debris (Table 30).
Table 30
CATCH BREAKDOWN BY SPECIES (in t)
AND BY EXPEDITION, REGISTERED BY THE PURSE-SEINER
ILE DE SEIN
(Le Hir and Stequert, 1981)
Species First Second Third Total %
expedition expedition expedition
Yellowfin
(weight > 10 kg) 59 - 45 104 22
Yellowfin
(weight < 10 kg) 61 45 50 156 33
Skipjack 110 50 50 210 45
Total 230 95 145 470 190
_._____~,~ _ ,~_.- __ .0 0<.' ~-_~ ,~-
~--
The size frequency of the skipjack tuna caught indicate three
different age groups: one-year-old individuals of 35-36 cm,
2-year-old individuals of 47-52 cm and 3-to-4 year-olds of 60-70
cm. Most of the catches yielded 2-year-old individuals. There
were two dominating groups among the yellowfin: individuals
measuring 50-55 cm (3-4 kg) and 75-85 cm (8-10 kg).
The useful ~esults obtained during this survey encouraged the
organizing of a longer survey with a large purse-seiner.
5.3.4 Surv~~e purse-seiner YVES DE KERGUELEN
This vessel, 69 m LOA, 3 900 HP, can hold up to 800 t of
frozen tuna. She carries a helicopter used for locating drifting
debris and tuna schools within a 15-mile radius, and is equipped
with a seine net measuring 1 500 x 185 m.
The vessel was based in Victoria, Mahe Island (capital of the
Seychelles). The main target area was the Seychelles EEZ but
adjacent international waters were also covered. The Mozambique
Channel was surveyed at the beginning and at the end of the expe-
dition (November 1981 and June 1982) as well as the Mascareignes
basin while crossing from the Seychelles to Mauritius and from
the Seychelles to Reunion in April-May 1982.
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- Areas of tuna concentration: Principally between December and
March there were two areas of tuna concentration: southwest of
o 0the Amirantes and east of the Seychelles as far as 65 E and 5 S.
Schools became less abundant in April-Mayor became concentrated
in a restricted area as occurred west of the Chagos Islands in
June (Figure 118). During the northeast monsoon yellowfin were
dominant (November-March), then yields dropped to give way to
skipjack from April. The majority of tuna schools found swam in
scattered formation. The distribution and estimated size of
predominant small schools confirm the information provided by the
ILE DE SEIN. Many schools moved at more than 6 knots (Table 31).
The tuna schools sighted in the Mozambique Channel were too fast
and too close to the islands (Europa, Bassas da India, Juan de
Nova, Mayotte) to be caught with the seines: nets were set
several times but with no results. While travelling towards
Mauritius and Reunion the flights of sea birds often found in the
imm~diate vicinity when not entirelif aggregated to the tuna
schools became fewer and fewer from 13 S. The gradual absence of
these signs made sighting surface tuna schools more difficult.
Only a few small schools were seen in the v i c Ln I t y of Tromelin
and Mauritius.
Catches: 1 370 t were landed in the course of 7 months of
surveying. The first expedition was highlighted by many nil
sets. These were due to the instability and high speed at which
the fish fled when encitcled. The water in the Mozambique
Channel was very clear and the thermocline was deep. The second
expedition was more successful as good results were obtained in
the south and east fishing grounds off the Seychelles. For the
third expedition all the catches were made around drifting
wreckage and debris. The few nil sets were registered on non-
aggregated schools of mixed species. During the fourth expedi-
tion, few tuna were sighted and consequently catches were poor.
Most of the catches during the fifth expedition were taken west
of the Chagos plateau on non-aggregated schools.
The seasonal breakdown of catch, effort, and yields are
illustrated in Table 32. The best results were recorded during
the northeast monsoon in the southern summer; however,only 3
weeks were spent actively surveying during the southwest monsoon
as the seiner returned to the Atlantic in July 1982. The vast
maj 0 r i t Y 0 f cat c h e s by set 0 fie s s t ha n 30 t ( Tab 1 e 33 ) a g a i n
points to the abundance of small schools in the region.
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Table 31
BREAKDOWN OF TUNA SCHOOL SIGHTINGS ACCORDING TO SPECIES,
BEHAVIOUR 1/, SIZE, AND MOBILITY
(Marsac and Stequert, 1983)
Northeast Inter- Southeast Total
monsoon monsoon monsoon
Yellowfin 131 2 1 26 178
Skipjack 66 26 37 129
Mixed 102 12 6 120
Kawiikawa 3 1 4
Breezer 63 5 12 80
Smoker 64 10 9 83
Boiler or foamer 30 1 2 33
Other 155 44 46 245
Size undetermined 150 5 1 17 218
Less than 10 t 108 5 31 144
10-30 t 28 2 9 39
31-60 t 22 1 9 32
Greater than 60 t 4 1 3 8
Not moving 29 5 34
Movi ng at 1-5 knots 108 42 27 177
Moving at 6-12 knots 57 13 42 122
.!J See Section 1.3.1.1
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Table 32
RESULTS OBTAINED BY THE YVES DE KERGUELEN
BY SEINE SET BETWEEN DECEMBER 1981 AND JUNE 1982
(Marsac and S't e q u e r t , 1983)
Northeast Inter- Southwest Total
monsoon monsoon monsoon
Total catches ( t ) 920 183 267 1 370
Sea-days 78 45 33 156
Fishing-days 74 34 29 137
Catch/fishing-day 12.4 5.4 9.2 10
No. of seine nets: 65 17 15 97
- on aggregated schools 29 1 1 1 41
- on'free-swimming schools 36 6 14 56
No. of positive seine sets: 48 12 10 70
- on aggregated schools 27 1 1 0 38
- on free-swimming schools 21 1 10 32
Catches on floating debris 572 148 0 720
Catches per positive seine
set on f loa t i ng debris 21.2 13 .5 0 18.9
Catches on free-swimming
schools 348 35 267 650
Catches per positive seine
set on free-swimming
schools 16 .6 35.0 26.7 20.3
Average catch per seine
set 14.2 10.8 17.8 14 • 1IAverage catch per positive
seine set 19.2 15.3 26.7 19.6
Table 33
BREAKDOWN BY TONNAGE OF SEINE SETS BY THE YVES DE KERGUELEN
CAUGHT DURING HER SURVEY
(Marsac and Stequert, 1983)
Catch/set Northeast Inter- Southeast Total
monsoon monsoon monsoon
Less than 10 t 23 6 1 30
10-30 t 14 4 5 23
31-60 t 8 2 4 14
Greater than 60 t 3 3
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- Dri~ti~wreckage/Tuna ratios: The large quantities of flotsam
contributed greatly to reducing the number of nil sets which were
high when fishing non-aggregated schools. Debris and drifting
wreckage were spotted 88 times. of which 48 during the northeast
monS0on. In fact. 62% of the fishing effort was carried out
between December and March. thanks to these aggregations. Areas
of c on c e n t r a t Lo n were identified between 8 0 and 90S in a res-
tricted area in Seychelles waters and also around 4 05 east of
60 0 E in the south equatorial countercurrent. Often the drifting
debris was made up of bamboo sticks and logs of wood coming
mostly from the east coast of Africa or Madagascar. The drifting
debris changed direction in April as the winds and currents
pushed them in a northerly direction. These factors resulted in
the debris dispersing and becoming less attractive to fish
(Figure 119).
~ize ~~~~~iti~E-~__~~~_catch~: The skipjack showed a wide
range of sizes. In December-January. two main groups were
i d.e n t i fie d (4 5 and 5 5 cm); 0 n e g r 0 u p 0 n 1 y was 0 b s e r v e din
February-March and in June generally measuring 48-50 cm. The
smallest skipjack (32 cm) were caught below drifting debris in
February-March. Ye110wfin were identified in two principal
groups: individuals measuring 30-80 cm (caught mainly around
drifting debris in December-January and February-March); and
large individuals (110-155 cm) of the same species caught in
non-aggregated schools in December-January and particularly in
June.
Following the positive results obtained during this survey. a
commercial fishery was set up. the development and results of
which will be examined in Chapter 6.
5.3.5 ~~nese surveys in the Indian Ocean
The first surveys to develop the tropical tuna purse-seine
fishery were undertaken by the Japan Marine Fishery Resource
Research Center (JAMARC) in 1971. when this organization was
formed. They were carried out aboard the newly constructed
999 t p u r s e e s e Ln e r , NIPPON MARU. in the Atlantic and the East
Pacific. The first survey to be carried out by the JAMARC in the
Indian Ocean dates back to 1973. Results were disappointing and
activities ceased. JAMARC only resumed trials in the Indian
Ocean in 1979. after the purse-seine WAKABA MARU No. 2 owned by
Kyokuyo Company Ltd. had completed 8 expeditions in the areas off
Sumatra and caught 2 137 t of tuna between March 1978 and April
1979 (Watanabe. 1985). A summary of the expeditions is reported
in the following paragraphs.
5.3.5.1 First trip to the Indian Ocean
Three expeditions were undertaken by the purse-seiner HAKURGU
MARU in the Timor Sea and in the northwest area of Australia from
November 1973 to March 1974. In 82 days. the seine vessel
sighted very few tuna schoa1s. 19 in all. which were greatly
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scattered and therefore impossible to catch with purse-seine.
Two sets were made and catches totalled 200 kg of tuna. The expe-
dition, hampered by very unfavourable meteorological conditions,
was a failure and provided no useful information concerning the
possibilities of exploiting the fishing grounds in the area.
5.3.5.2 Survey carried out in 1979
Two expeditions took place in the Eastern Indian Ocean
between March anJ July 1979. As this was the first operation of
the NIPPON MARU in this ocean, investigations were limited to the
west coast of Sumatra which had previbusly been surveyed by the
seiner WAKABA MARU NO. 2 and was considered a rich tuna fishing
ground (Figure 120). Duri~g 203 days and 15 sets dedicated to the
area 130 t were caught (121 t of skipjack; 9 t of yellowfin)
(Watanabe, 1985).
First expedition: From mid March to the beginning of May,
the seiner operated essentlally between 5 0N and 3 0S, and caught
110 t of tuna in 12 sets.
- Second expedition: From mid May to early July, the southern
regions off Sumatra and Java were covered. Bad weather due to the
monsoon hindered and complicated operations so that only 20.7 t
of tuna were caught in 3 sets. In spite of all the seine nets
being set around drifting debris, the yields were much lower than
those obtained during the same season in Western Pacific waters.
5.3.5.3 Survey carried out in 1980
During the course of the four expeditions, totalling 163 days
at sea, three covered west Sumatra and the last one the offshore
areas illustrated in Figure 121; 554.5 t" of tuna were caught in
50 sets.
First expedition: From mid-January to the end of February
between 3 0N and 2 0S off Sumatra, 363 t were caught in 30 sets.
The good results are due to the large quantities of drifting
debris found and due to favourable meteorological conditions.
Two nil sets result from attempting to catch non-aggregated
schools (Watanabe, 1985).
- Second expedition: 2 March-4 April, the purse-seiner NIPPON
MARU continues surveying the same area; 117 t were caught in 15
sets. Tuna schools were more scattered than during the previous
expedition.
- Third expedition: The same area is covered from 13 May to
23 June but bad weather 'conditions and less debris contribute in
attaining a relatively low catch: 75 t in 5 sets.
Fourth expedition: The Republic of Indonesia established
the 200 mile limit fishing zone and the expedition moved further
offshore. For 42 days the NIPPON MARU ploughed through the
Eastern Indian Ocean from early July to mid-August in difficult
weather conditions; few tuna schools were sighted and no attempt
was made to set the seine nets.
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The 1979-1980 expeditions showed that, during the northeast
monsoon (January and February), numerous floating objects and
debris could be found off Sumatra and tuna schools were aggre-
gating below them. During the intermonsoon period or southwest
monsoon (March-July) this situation changed as tuna schools
became more scattered and navigation conditions difficult.
5.3.5.4 Su£~~ carried out from ~ctober 1981 to March 1982
Throughout this period, 3 expeditions were undertaken in the
Ea s t ern I nd i a n 0 c e a n fro m Pen angin Ma 1 ay s i a: the fir s t ex p e d i-
tion was from 26 October until 11 December 1981, the second was
divided into two peclorls Erom 21 December 1981 to 16 January 1982
and from 29 January to 9 February 1982. The third began on
18 February and lasted until 16 March 1982. The winds remained
light for almost the entire period. During the 3 expeditions,
winds force 4-5 prevailed for 24 days corresponding to only 23%
of the days spent at sea.
oSurface water temperatures r e ma I n e d stable (between 28 and
29 0 C) . Some movements of water masses were observed: in
October-November colder water moved northward along 92 0 E pushing
back warmer waters. Later, in February-March, the third exge-
dition sailed into a light thermal front at around 1 0 S and 94 E.
The majority of the seine sots were made over these thermal
structures.
reported in Table 34. Yields per
from 10 to 16.5 t throughout the 3
were caught around drifting debris
of the individual tuna in almost
The results obtained are
set were variable and ranged
expeditio~s. Most of the fish
which explains the small size
every catch (Table 35).
Table 34
CATCHES, EFFORT AND YIELDS OBTAINED DURING THE THREE
JAPANESE SURVEYS IN THE EASTERN INDIAN OCEAN (1981-82)
1 Expeditions
No. of sea-days
Total catch (t)
No. of seine sets
Yield per set (t)
Species breakdown
of catch (t):
- skipjack
- yellowfin
bigeye
others
November to March
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April to June
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Figure 119. Seasonal drift pattern of the flotsam and debris
encountered by the "Yves de Kergue1en" during the
survey (Stequert and Marsac, 1983)
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Figure 120. The area explored in 1979
(Watanabe, 1985)
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Figure 121. The area explored ~n 1980
(Watanabe, 1985)
151
Table 35
SIZE BREAKDOWN OF CATCHES TAKEN BY THE DIFFERENT
EXPEDITIONS OF THE JAPANESE SURVEY (1981-82)
.-
I Expeditions~ 1 2 3Max. length
I (cm) 36-55 45-65 43-66
Skipjack
i Average
length (cm) 39 45 50
Max. le ng t h
(cm) 40-62 41-69 45-92
Yellowfin
Average
1 e ng t h (cm) 55 47 50
Several trials were made around FADs. Six Philippine type FADs
were anchored in depths ranging from 2 500 to 3 100 m. A number of
these were lost fairly quickly; but in spite of this drawback six sets
were carried out on the three FADs (Table 36).
The JAMARC drew the following conclusions after the surveys:
Throughout December, fairly strong westerly winds hinder
fishing operations.
From January to March, plenty of sea birds in the fishing
grounds but few tunas under drifting debris.
From the end of February to mid-March, the debris and
wreckage drift faster allowing for good catches on calm
waters.
Skipjack seem less abundant and more scattered than in
South Pacific waters.
5.3.5.5 Survey carried out from October 1982 to March 1983
From 20 October 1982 to 22 March 1983, the NIPPON MARU
carried out two new surveys: 118 days were spent at sea, and
560 t of tuna were caught in two expeditions. The first expe-
dition totalled 58 days of observation at sea (2 November-
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31 December 1982): 63 tuna schools were spotted and the nets set
19 times. A further 67 schools were identified and spotted in
the course of the second expedition (which totalled 57 days of
observation at sea) from 9 January to 6 March 1983 during which
28 sets were made (Figures 37 and 122). The schools spotted were
generally below 10 t. The nets were set only around drifting
debris and wreckage for a total of 47 times. The results
obtained are illustrated in detail in Tables 38 and 39. Four
FADs or payaos were anchored to attract tuna but the yield (20 t)
resulted below average and much lower than the amount taken the
previous year.
Table 36
RESULTS OF FISHING OPERATIONS CARRIED OUT
ON PAYAOS IN THE EASTERN INDIAN OCEAN
No. of Payao 3 5 5 5 2 2
Date of fishing
activity 31/1/82 2/2/82 24/2/82 12/3/82 14/3/82 15/3/82
No. of days 34 94 116 134 135 136
payao was anchored
Set made at 00016'S 02 019'S ol"17,-s-()()""18 I S-00""5 2 I N 00056
'N
position: 89 040 E 85 036 E 91 048 E 93 023 E 90 012 E 90 022 E
Catch ( t ) :
- total 3 15 10 50 15 25
- skipjack 1 12 7 30 12 23
- yellowfin 2 3 2 19 12 2
- others - - 1 1 1 -
,
Comparing the average yield/set obtained during this survey
(12 t ) with the average yield obtained under floating debris in
the Western Indian Ocean during the same period by the French
fleet (Potier and Marsac t 1984)t it is clear that the results
obtained by the JAMARC are lower by one-third. This reveals a
significant difference in tuna p[~sence from November to March in
the two areas. However, the proportions of the different tuna
species caught below wreckage and debris are identical from one
area to another. Skipjack sizes increased as the expedition
progressed and months w~nt by. The widest cross-section was
recorded in February (Figure 123).
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Figure 122. Distribution of tuna sightings during the 1982-
1983 surveys (JAMARC, 1983)
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Table 37
SCHOOLS OBSERVED DURING TWO EXPEDITIONS
OF THE NIPPON MARU t NOVEMBER 1982-MARCH 1983
( J AMAR C, 1983 )
---- --- ------ ----First Second
expedition expedition
Free-swimming schools:
- with birds 1
- without birds 27 20
Aggregated schools:
near floating debris 32 45
near whales t sharks t
dolphins, etc. 3 2
Total 63 67
Table 38
RESULTS OF SURVEYS CARRIED OUT IN 1982-83
( J AMA RC, 19 8 3 )
,.-------------------------------.---------------------.....First Second
expedition expedition
No. of sea-days
No. of purse seine sets:
- positive
- void
Total
Total catch (t)
Average yield
per set (t)
Average yield
per sea-day (t)
60
15
4
19
245
12. 9
4. 1
58
23
5
28
315
11. 3
5.4
118
38
9
47
560
11. 9
4. 7
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Table 39
SPECIES BREAKDOWN OF CATCHES TAKEN BY
THE NIPPON MARU (1982-83)
First Second
Species expedition expedition Total
(t) (%) ( t ) (%) ( t ) (%)
Skipj a c k 157 64 .1 224 71. 1 381 68.0
Yellowfin 70 28.6 76 24.1 146 26. 1
Bigeye 18 7 .3 15 4.8 33 5.9
Total 245 100 315 100 560 100
5.3.5.6 Su£~~carried out from October 1983 to March 1984
In 128 days fishing comprised of three expeditions, 870 t of
tuna were caught in 57 sets as follows: 468 t skipjack, 298 t
yellowfin and 10 t of little tuna species. Results are summarized
in Table 40.
Trials were carried out in the Western Indian Ocean for the
first time. Between October and the end of November much
drifting debris is found west of the Chagos Islands between
1 0-5 0S and 63 0-68 0E. In 22 sets, 520 t of tuna were caught.
During the second expedition less debris was found, therefore
most of the fishing effort was directed at non-aggregated schools
which resulted in only 95 t of tuna being caught in 7 sets.
East of the Chagos Islands, extensive patches of floating
o 0debris were found from mid-January onwards, between 0 -3 sand
77 0-83 0E. Seining brought in 185 t of tuna. Catches per set were
only half of those obtained in the west. Off Sumatra, between
2 0N-1 0S and 88 0-93 0E, 120 t were caught. Since floating debris
was rare, artificial FADs were constructed and lowered into the
water: three sets brought in 10 t of tuna. Four payaos had been
anchored in the same area during previous expeditions (90 0E) but
were lost within 3 months, and no further trials could be carried
out.
5.3.5.7 Survey carried out from August 1984 to January 1985
This time, the survey area was limited to the Western Indian
Ocean (Figure 124). Three expeditions, 101 sea-days, resulted in
catches of 845 t: 39 sets caught 548 t of skipjack, 174 t of
bigeye and 109 t of yellowfin.
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Table 40
BREAKDOWN OF CATCHES, EFFORT AND YIELDS ACCORDING
FISHING AREA
Western Indian Ocean Eastern. Indian Ocean
Period 1.10.83 19.12.83 14.12.84 16.1.84 24.2.84
to to to to to
22.11.83 1 4 . 1 .84 17.12.84 10.2.84 12.3.84
No. of sea-days 53 27 4 26 18
No. of purse-seine sets 22 7 - 16 12
Total catch ( t ) 520 45 - 185 120
Average yield/set (t ) 23.6 6.4 - 11. 6 10.0
Bes't set (t) 70 15
-
25 20
The month of October had been very productive during the
preceding survey west of the Chagos Islands, and the JAMARC had
decided to return. Few schools and debris were found and only 6
sets wer~ made on drifting debris for an average of 21.6 t/set.
Two more expeditions took place between the beginning of October
and the end of December in the same area and 715 t were caught in
33 sets. The yields per set remained high: 24.6 t/set in the
first expedition and 20 t in the second.
As in previous years, payaos and artificial rafts (FADs) were
built and launched with the following results: 130 t around 4
anchored payaos and 495 t around the 23 FADs only 20 days after
they had been launched (Watanabe, 1985).
Even though the Japanese surveys can be considered as having
obtained successful results, they were not followed up in the
same way that the French fleet continued activities by setting up
a full-time fishery to cover the recognized tuna fishing grounds.
5.3.6 French surveys in the Eastern Indian Ocean
So as to expand on the existing seine fisheries operating in
1984 throughout the western basin, a survey was undertaken to
explore the areas east of the Chagos Islands from June to August
1984. During that season, strong southeast trade winds hindered
operations in the west, so the discovery of alternative, produc-
tive and sheltered grounds was the primary objective of the
survey. Five vessels participated: the DRENNEC, the KERSAINT DE
COETNEMPREN (equipped with a helicopter-pad and measuring 70 m
LOA) the AVEL VIZ, the SANTA MARIA and the ARMEN (55 m LOA).
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Figure 123. Monthly size distributionof sk i p j ack caught
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Climatic and hydrological conditions:
Unfavourable meteorological conditions hindered the first
expedition with strong winds reaching gale force b30-40 knots)
and the vessels were obliged to heave-to. South of 4 S. southeast
winds prevail. but north of the Equator prevailing winds are
southwesterly. Along the transitional zone (00-3 0S) the wind
direction is generally variable but westerlies are most frequent.
No major interruption due to bad weather conditions set back the
second expedition: predominant winds came from the west (north ~f
2 0N) turning southwest at the Equator and to south between 1 0S
and 3 0S. In July. in the course of the first expedition. a first
°convergence was located at the Equator and a second one at 5 S.
Two divergences were located at 3 0S and at lOoS. In August.
during the second expedition. the equatorial convergence is much
more extended (0° to 4 0S) while the other previous structures
have disappeared. Surface water temperatures were recorded
between 28.5 0C and 29°C on the Equator in July and between 27°C
and 27.5 0C by 70S. In August warmer waters (above 28.5 0C) are
found along the south equatorial convergence.
- Results: 78 schools are sighted during the first expedition and
30 during the second. Skipjack tuna schools were observed more
frequently (63% to 66%) but were small. scattered. with indi-
vidual sizes of 1.5-2 kg and very fast-moving. A few yellowfin
schools were also observed (15% and 14%).
Large patches of flotsam were found at 2 0N-4 0N and 3 0S-4 0S
. J 1 d 4 0 9 0S. A Th . d f .1 n u y. a n at S- 1 n u g us t • e sec 0 n s 1 s t e 0 va r 10 U s
objects. but mainly wooden ones: logs. planks. crates. bamboo
canes. etc. (Table 41). In July there were more wooden planks and
logs. In August bamboo is more abundant but other wood debris is
still present. These variations also seem to indicate a
different place of origin: the debris found at 2 0-4 0N in July.
taking into consideration that currents could be coming from
either Sri Lanka or southern India; whereas the debris found in
August at 4°_9 0S could be drifting from Indonesia. However. the
rate of nil detections around these patches of flotsam was very
high; 43% in July and 64% in August (with a mean of 56% for both
periods). A dead sperm whale floating on the surface yielded
only 2 t of tuna. The details of the observations recorded
during the two expeditions are shown in Figure 125.
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Table 41
DISTRIBUTION OF DIFFERENT FLOATING OBJECTS FOUND
1 s t Expedition 2nd Expedition
Floating objects
Total
N % N % (% )
Longline floats 2 6 6 15 1 1
Wooden logs 5 16 la 24 21
Wooden planks and 12 39 3 7 21
plywood
Bamboo 2 6 13 31 21
Branches 3 la 8 19 15
Tree stumps 3 la 1 2 5
Nets, ropes 4 13 - - 1
Dead sperm whale - - 1 2 5
Total 31 100 42 100 la 0
Proportion of
flotsam without
aggregated schools 45% 64% 56%
Catches were very poor. Only one purse-seiner made a set
over a Ron-aggregated school of yellowfin tuna in July, at 11 0S-
75 0S, far outside preferential fishing grounds. The remaining
sets were carried out on flotsam. Due to the relatively small
number of drifting wrecks with aggregated schools few sets were
made. The total catch of all the fleet amounted to only 185 t
with mean yields at 10.3 t/set and 1.5 t/fishing-day. In August
the results were even worse: 36 t were caught near drifting
debris with an average yield of 7.2 t/set and 0.5 t/fishing-day
(Table 42).
The catch distribution by species was as follows:
July:
39% Yellowfin
45% Skipjack
16% Bigeye
August:
19% Yellowfin
78% Skipjack
3% Bigeye
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Size frequency for skipjack shows two distinct modal classes:
the first at 37 cm, the other around 47 cm (2 year-old
individuals). There are also small groups of 58, 65 and 70 cm
(Figure 126). The size of yellowfin could be divided into three
distinct modal classes: 38 cm, 58 cm, and larger individuals of
110 cm. The mean weight calculated for each of these modes were:
1-2 kg, 4 kg and 25 kg. The bigeye caught were all small
(between 51 and 65 cm).
The poor results obtained by the French fleet during the
survey dissuaded the shipowners from deploying the vessels in the
Eastern Indian ·Ocean. However, these conclusions should not be
extrapolated over the year since Japanese surveys have shown that
best results were obtained during the first quarter.
5.4 AERIAL SURVEYS
Surveys carried out aboard ship are a source of precise
information but generally cover a small limited area for a given
period. When the survey area is large, the best way of obtaining
a rapid overall view of the resources available is to deploy a
low-flying aircraft.
As far as the main surface pelagics are concerned, and tuna
in particular, several aerial surveys were conducted in the last
few years in the tropical regions of the Atlantic, the Pacific
and Indian Ocean. This method of surveying has been developed
either to observe unexplored areas or to assist fleets in opera-
tion. In the first case, aerial surveys should yield data con-
cerning resource abundance at a lower cost, and determine the
feasibility of exploitation. In the second case these flights are
not regarded as a survey, but offer a valuable back-up service to
vessels either in identifying the area and sighting the tuna
concentrations accessible to fishing gear; or alternatively,
reporting areas of no interest to the fleet.
Aerial s.u.r.v e.y s have been carried out around Sri Lanka,
Australia, Thailand and the Seychelles. In the first three cases,
the surveys were only sporadic whereas a systematic survey was
undertaken around the Seychelles in conjunction with a tuna-
seiner.
5 .4 • 1
From 27 to 29 July, 1970, an aircraft covered the waters
around Sri Lanka. The aircraft had been chartered by a
privately-owned tuna fishing company and an expert observer was
aboard the reconnaissance to pinpoint the position of the tuna
schools (Sivasubramaniam, 1971).
Because of unfavourable meteorological conditions (strong
winds in excess of 20 knots and poor visibility) two areas only
could be surveyed. They are: off the Southwest coast of Colombo
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Table 42
SUMMARY OF CATCHES TAKEN DURING
THE FRENCH PURSE-SEINING SURVEYS IN THE
EASTERN INDIAN OCEAN
d i .~rst expe ~t~on
Aggregated ° '.1Free-swunm~ng
schools school
Vessel (/J I:>.. eo I
CIl l=: eo
"0 OH l=:
(/J (/J ,..c:: I ,..c:: OH
.j.J .j.J () CIl (/J ,..c::
aJ aJ .j.J .j.J <ll OH (/J (/J
(/J (/J CIl <ll (/J 4-; :>.. OH :>..
<ll <ll o (/J CIl 4-; CIl
eo 4-; eo 4-;
---
4-; 4-;"0
--- "0CIl 0 .IJ CIl 0 .IJ ...., ,..c:: 0 0 ,..c::
l=: <lJ l=: <ll CIl () ()
l=: (/J l=: . (/J .j.J .IJ . . .j.J
0 0 <; 0 0
---
0 CIl 0 0 CIl
E-! Z .IJ E-! Z .j.J E-! U Z Z u
DRENNEC 72 5 14.4 - - - 72 14.4 36 31 2.3
AVEL VIZ 39 5 7.8 - - - 39 7.8 38 35 1.1
SANTA MARIA
- - - 20 1 20 20 20 32 31 0.6
KERSAINT 54 7 7.7 - - - 54 7 . 7 26 24 2.3
Total 165 17 q.7 20 1 20 185 10.3 132 121 1.5
d i .dSecon expe 1t10n
Aggregated . .rEree-eswi.mmi.ng
schools school
(/J I
Vessel :>.. bDCIl l=: eo
"0 OH l=:(/J (/J ,..c:: I ,..c:: OH
.j.J
.j.J () CIl (/J ,..c::
<ll <ll .j.J .j.J <ll OH (/J (/J(/J (/J CIl <ll (/J 4-; :>.. OH :>..
<ll <ll () (/J CIl 4-; CIleo 4-; eo 4-; (/J
---
4-; 4-;"0
--- "0CIl I 0 .j.J CIl 0 .j.J ...., ,..c:: 0 0 ,..c::l=:
I
<ll l=: <ll CIl () ()l=: (/J l=: . (/J .j.J .j.J . .
.u0 0
---
0 0 <, 0 CIl 0 0 CIlE-! Z .IJ E-! Z .u E-! U Z Z u
DRENNEC
- - - - - - - - 23 23 -
AVEL VIZ 12 1 12 - - - 12 12 18 15 0.8
ARMEN 22 3 7.3 - - - 22 7.3 18 16 1.4
KERSAINT 2 1 2 -
- - 2 2 15 15 O. 1
Total 36 5 7.2 - - - 36 7.2 74 70 0:5
I
I
and the
south.
carried
covered
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east coast from Jaffna in the north to Batticaloa in the
Five aerial surveys totalling 18 hours flight were
out, only three of which in good weather. The survey
only the first 60 n.mi from the coast.
The results were disappointing. Observation were made
principally in the area comprised along the east coast either
side of Batticaloa which revealed only the presence of small
frigate tuna schools (Auxi~ t h a z a r d ) and skipjack 30 to 40 mi
offshore. The number of tuna schools spotted in the course of
the aerial survey were minimal and with few birds following the
schools. Off Colombo only three small frigate tuna schools were
spotted. Northeast of Sri Lanka no tuna were sighted but
floating planktonic material was widespread revealing a strong
active primary production in the area even if not seemingly
accompanied by fish.
During the several aerial surveys, artisanal troll line
fisheries operating in coastal waters caught substantial quan-
tifies of small tuna. The few schools spotted from the air
suggest that the tuna schools must have been concentrated below
the surface; this defeats the purpose of aerial survey. The
spontaneous character of this kind of operation does not allow
valid conclusions to be drawn.
5.4.2 Aerial surveys in Western Australia
Contrary to ~he Pacific coast, little aerial survey work has
been carried out over the west of Australia. In the early 1970s
flights were made over the northwest area where several skipjack
schools could be observed but no detailed information was ever
published.
On the west coast two aerial surveys, one carried out in
1973-1974 and the second in 1980 provided little information. The
data collected during the first air survey was incomplete and the
species that had been sighted were not identified. The second
survey (Williams, 1984) failed to locate significant concentra-
tions of tuna species in the given time (2 months). The negative
res u 1 t s 0 f the set r i a 1 s 1 e d tot he con cl u s ion t hat the re wa so. no
viability in exploiting tropical tuna resources in the area on a
commercial scale. This was confirmed by the fishing effort of a
seine vessel which yielded negative results.
5.4.3 Aerial surveys in Thailand
The aerial surveys undertaken in Thailand from 20 November to
1 December in 1975 were part of an FAO project (Regional South
China Sea Development and Coordination Programme, RAS/74/013)
aimed at coordinating the fishing efforts of the South China Sea
fisheries. The aircraft was to assist a purse-seiner chartered
during the project by locating tuna schools.
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Figure 126. Size frequency distribution of tuna catches
during surveys in the Eastern Indian Ocean
(Marsac and Stequert, 1984)
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Seven reconnaissance flights were carried out over the
Andaman Sea south of lOoN for a total of 22 hours and covering
3 200 n s mI , Visibility was fair but the results were negative
(Maynard, 1976). Apart from the fact that no tuna were s p o t t e d
offshore the ocean surface appeared as a "biological desert" (no
birds, no dolphins, no whales, etc.). This same situation
prevailed both during afternoon flights and during the morning.
The purse-seiner's catches were also very low confirming the
scarcity of tuna in the area.
As for Sri Lanka the short duration of the aerial surveys,
together with the possibly misleading results caused by seasonal
variations in abundance, did not provide any conclusive
information.
5 • 4 • 4 Surveys in the Seychelles
In the Seychelles in November 1981, a programme aimed at
a s s e s s i.n g tuna resources was initiated by aerial survey coupled
with surface water temperature data calculated by infra-red
radiometry. The programme was organized by ORSTOM within the
framework of an agreement between this research Institute and the
Seychelles Government. Surveys continued until October 1984 for a
total of 350 flight hours in two separate periods: during the
northeast monsoon (end November to April) and during the inter-
monsoon period following the winter monsoon (in October). These
two periods were chosen because of their mild weather conditions
which is the prime requisite for efficient aerial surveying.
Attention was concentrated on the Seychelles EEZ, but other areas
were also surveyed: south and east of the archipelago in the
Mauritius EEZ and international waters. During these aerial
operations, 162 tuna schools were sighted. A first detailed
analysis of the work undertaken until January 1983 has been
published (Marsac, 1983).
5.4.4.1 Stratification of the areas surveyed
Due to the variations in environmental conditions in the area
and in order to assess more accurately the abundance of a hete-
rogeneously distributed resource, stratified sampling was carried
out: this consists in subdividing the areas in homogeneous
strata (Frontier, 1983). The criterion for stratification was
based on the surface current pattern which shows great variation
during the year.
Surveying took place in two periods; first, from November
1981 to March 1982 and from December 1982 to January 1983; and
second in October 1982. The surveyed area was subdivided into
five strata during the first period while the second period
concerned a single stratum only (Figure 127).
(a)
o
55
105
166
Nor h equator'~1 cur II~ en
--
__ I-i__ -- ~--...-
--
'I
L
"
~" ......
'J"
Equat~ial count~r:. ~r.!~2.~r-e- "~. '-- --,..-
- -- /~ "i : .... 1 "p...! ..... ....
I~ , - • '.JA, \.' . ,
I
,
,
JI" ;f;J. .,••,f
, ( ~ ... .- ,,
'~
.,,/ ~ If \ i,
--.
--
iOu h --
-.
le~Uqt .......... ~..... '- )orlCll
,.\1\ I urr~itt .;
.5E SCE 55 E BOE
(b)
55
105
"
..........
"
.- ,
I! ".~....
j !D
u··..
,
: ..... .~..
\.
.' r
,
I.' : "
I "
.,
'.'
;P. ", , ~-v , '-*..".
.' ..
'.,.~ .. ...
••.-0- '.
:
.........-
.1,
........
\
,1:/\ t)
.5E 50E 55E 60E B5E
Figure 127. Stratification of (a) area surveyed November 1981-March 1982
and December 1982-January 1983 and (b) area surveyed in
October 1982 (Marsac, 1983)
167
LEGEND
1151
....
- .
r C·
60 E
...
55E
::::::::::. 1_100 t
~ 101_250t
mmm~~ 251_ 5001
• 501 - '000 I t--t--t--t---\--+--
• >1000t
o
4SI
55 I---+--!--t---\----\----,(a)
o
(b) 55
105
I
LEGEND
-
::::::::::, 1_100 1
s;~;~f~ lOt _ 250 1
-
IIIIIIIIIIW 251_ 500 t
- •
501 _ 1000 t
• :- 10001
.'
..........
"
~I~i~~t. I
/i .. ' .............
St.'" :~~~~~~I~~: " ....
- J1
I: :
"
I
,
,
:.,
"0. ..'
, !:-.
.'
.....
-".' ....
.~ : ...
..- '.
'.
.'
" v.,
.,
.\~ " t)
501 1I0E MI
Figure 128. Potential exploitable tuna areas (a) December 1981-March 1982
and December 1982-January 1983; (b) October 1982 (Marsac, 1983)
5.4.4.2
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Evaluation of tuna resources
The use of an evaluation model adapted for aerial research
helped estimate the potential density of tuna schools. The
resulting d a t a , reported in Table 43~ show for the first period
that the strata crossed by the equatorial current (strata 1, 3
and 5) have a higher density than those crossed by the two
currents flowing west (north equatorial current and south equato-
rial current). During the second period (October) the single
stratum retained was highly concentrated in tuna.
Figure 128 illustrates a first estimation of the tuna biomass
which could be exploited by surface gear.
Stratum 1: Areas of high abundance are localized around
the Mahe plateau, whose west, south and southeast slopes were
good fishing grounds when exploited by the Spanish pole-and-line
fleets~ as well as to the west and to the south of the Amirantes
Islands. During the first and second survey period 1 0 squares
with high biomass were constantly observed, west and south of the
Seychelles. However~ while no tuna are found in the areas south
of the Amirantes Islands in October, the shallower waters of the
Mahe plateau show an increase in tuna potential.
Stratum 2: Covers the zones of convergence
concentrations of forage organisms north of the Seychelles.
deep thermocline creates a large ecological volume for tuna
the schools may be rather scattered within the water column.
with
The
and
Stratum 3: The productive zone (between 3 0S and 5 0S) is
limited to the countercurrent area where the thermocline at the
time of the survey was at its shallowest (30 m on average). The
richest squares are situated from 30S to 4 0S where the thermo-
cline gradient is strong () 4°C/l0 m); the other less productive
squares (4 0S to 5 0S) are characterized by a weaker thermal gra-
dient in the thermocline, varying between 1.s o C and 40C/l0 m.
Stratum 4: The area comprised from 8 0S
stratum is crossed by a current drift rich in
acting as aggregating devices for tuna schools.
to lOoS of this
floating debris
Stratum 5: Gave no indication of high biomass.
The first conclusions drawn from this preliminary study show
that aerial surveys undertaken during the hot season in this
region yield only approximate information on potential tuna
fishing grounds which need to be improved by in situ vessel
observations. Visual sighting constitutes a valid method of
assessing the tuna concentration and of estimating the
potentially exploitable resources available to the purse-seine
and other surface fisheries.
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Table 43
SURVEYED AREA, CORRECTED NUMBER OF SCHOOLS
AND POTENTIAL DENSITY IN TUNA SCHOOLS FOR
EACH STRATUM (Marsac, 1983)
Strata Surface Corrected Potential Hydrological
samP2ed number density~ configuration
(mi, ) of schools 1 000 km
Period 1
Stratum 5 3 814 13 0.96
*Stratum 1 27 773 101 1.06 ECC
Stratum 3 12 330 68 1. 61
...................................................................................
*Stratum 2 2 950 6 0.59 NEC
....................................................................................
*Stratum 4 10 072 22 0.63 SEC
Period 2
15 *Stratum 1 2 861 1.49 SEC
(*) ECC: Equatorial countercurrent
NEC: North equatorial current
SEC: ' South equatorial current
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6. COMMERCIAL SURFACE FISHERIES
in the Indian Ocean
pole-and-line with
Commercial surface fishing
out mainly by 3 types of gear:
seining, and gillnetting.
is carried
live bait,
Pole-and-line fishing was undertaken following the
encouraging results achieved by the survey of the Kaigai Gyogyo
off Madagascar. A joint venture was formed in 1973 and started
to exploit tuna stocks already identified. Exploitation proceeded
under favourable conditions until March 1975 when problems arose
(not related to the tuna resources) which brought the fishery to
a complete halt. An attempt to exploit tuna off the Seychelles
was unsuccessful. The only commercial pole-and-line fishery now
active is that for the southern bluefin tuna off southwest
Australia.
Purse-seine fishing is more recent and is limited to the
Western Indian Ocean. Following the promising trial carried out
by the Mauritian seiner LADY SUSHILL in 1980 and the French
seiners ILE DE SEIN and YVES DE KERGUELEN from the end of 1980
to June 1982, seining developed rapidly first in the area of the
Seychelles and then farther away as the fleets grew. The prin-
ciples of the technique and the results obtained are discussed
below.
Commercial gillnetting is also a recent technique which has
been developed in the Arafura Sea, north of Australia, where the
Taiwanese vessels catch shark and longtail tuna.
6.1 POLE-AND-LINE
6.1.1 Madagascar
6 • 1 • 1 • 1 T he f 1 e e t
Since 1973 the fleet numbered nine similar pole-and-line
vessels ranging from 37 to 40 m LOA and from 192 to 214 GRT.
Crews consisted of 30-35 men giving an average of 25-30 opera-
tional poles-and-lines. All the vessels were equipped with ice
and appropriate stocking areas capable of holding 85 m3 of tuna
on ice as well as live bait tanks with a capacity ranging from 70
to 90 m3. All nine pole-and-line vessels were assisted by a
mothership (a 70 m ex-longliner) anchored off Nossi-Be in
Hellville Bay, utilized for freezing and storing the catch.
Tuna catches totalled 3 776 t in 1973. Skipjack accounted for
3 299 t, 87% of the landings. In 1974 the catch reached 11 183 t,
80% of which was skipjack, 17% yellowfin and 3% bigeye tuna.
Monthly distribution of production for each of the species is
given in Table 44.
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Table 44
MONTHLY DISTRIBUTION OF CATCH, EFFORT AND YIELD BY
THE COMANIP'S POLE-AND-LINE VESSELS FROM MAY 1973 TO
FEBRUARY 1975
(Stequert ~~ ~~, 1975)
Catch ( t )
No. of Catch per
Skipjack Yellowfin Total fishing fishing
Year Month + bigeye days day and
boat
May 238 10 248 42 5.90
June 720 32 752 106 7.09
July 340 14 354 120 2.95
August 200 44 244 129 1. 89
1973 September 368 91 459 149 3.08
October 341 67 408 158 2.58
November 519 104 623 172 3.62
December 573 115 688 161 4.27
Total
1973 3 299 477 3 776 1 037 3.64
January 572 103 675 167 4.04
February 577 72 649 121 5.36
March 481 109 590 155 3.81
Apr~l 485 128 613 134 4.57
May 1 042 212 1 254 182 6.89
June 866 207 1 073 192 5.59
1974 July 677 238 915 198 4.62
August 629 109 738 120 6. 15
September 805 220 1 025 164 6.25
October 1 073 258 1 331 164 8. 12
November 953 274 1 227 11 7 10.49
December 796 297 1 093 151 7. 24
Total
1974 8 956 2 227 11 183 1 865 6.00
January 585 210 795 140 5.68
1975 February 476 307 783 108 7 .25
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The skipjack caught generally measured from 45 to 55 cm
(weighing 2-3.6 kg). The yellowfin and bigeye caught are nearly
always young specimens measuring from 50 to 65 cm (weighing
3-5 kg). The juveniles of all three species are caught between
August and October, the main recruitment period.
The number of fishing-days is almost equivalent to the number
of days at sea due to the short distance from the harbour to the
fishing grounds. The yields varied from 3 to 8 t/fishing-day
depending on the months considered; those are seemingly lower in
yield from July to October during the 1972 and 1973 cool seasons.
In 1974, a similar pattern occurs. The lower yield seems to be
due to the tuna not taking the bait well rather than to a
decrease in the number of tuna schools (Figure 129). Following
the 1973 yields, two peak periods are distinguishable, one in
May-June and the other in November-December. The same peak
periods are also found in 1974. The results over the two years
seem to indicate that the highest catches are registered during
the intermonsoon months and the lowest during the southern winter
(Stequert ~~ ~~, 1975).
In 1973 and 1974, 90% of the catches were taken close to the
northwest coast of Madagascar. Other fishing effort took place
in the fishing grounds between Majunga and Cap Saint-Andre
(Figure 130).
The concentration of the tuna fishing activity in the area
between 12 0 S and 14 0 S and between 46 0E and 49 0E from June to
September is explained by the protection offered by the
Madagascar coast during the trade winds season. Tuna fishing is
also extended to the areas towards the Comores and the Aldabra
and Providence Islands essentially during the southern summer
months only, as in winter the heavy seas would hinder fishing
operations in this exposed area.
6.1.1.4 Live bait
About ten species have been deployed as live bait in varying
quantities in northwest Madagascar and more particularly in the
Nossi-Be area. In decreasing order of import~nce these are:
Sardinella iussieu (flat sardinella), Stolephorus indicus and
S t 0 I e ph 0 r u she ~~E.0 I 0 ~~~ ( a n c h 0 v Y) , Am~~~ tar. s i.E.!!!. ( r 0 un d
sardinella or sardine), Rastrelli&~E ~anag~E..!:.2. (mackerel) and
~elaE. crumenophthalmus (scad).
In 1973, in the course of 510 fishing-nights, 254 t bait fish
were caught, averaging 4-98 kg/night. In 1974 the average yield
remained unvaried: 465 kg/night for 1 189 nights. The average
monthly yields are fairly constant; they vary between 400 and
570 kg/night (Figure 131). The number of nights in which bait
could not be caught was low: 6% in 1973 and 7% in 1974. Flat
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Figure 129. Trends in yield expressed in tonnes
and average number of tuna schools
baited per fishing-day (Stequert
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Monthly pattern of
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recorded by the
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fisheries throughout
the exploitation period
(Stequert ~ al., 1976)
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sardine species makes up 70% of the total yield. The average
size ranges between 4 and 9 cm in November, December and January.
In July, August and September they are larger: 10-15 cm.
Anchovies are more plentiful from December to February and from
August to October (Stequert et al., 1975).
Most of the live bait is caught near No s s i e-Bf (78% of the
1974 catch). However, there are several other bays on the
northwest coast of Madagascar where successful trials were
carried out. These were mainly in the areas surrounding the
Radama Islands, the Mitsio Islands, Nossi-Lava as well as near
Cap Saint-Sebastien.
6.1.1.5 Tuna response to bait
Monthly variations in the mean quantities of tuna taken per
1 kg of bait are shown in Figure 132. It is noted that these
quantities are maximal in May and November and minimal from July
to October. The two maxima correspond to the inter-seasons and
the· minimum to the cool season (southern winter). In comparing
these results with the evolution of the tuna yields, a perfect
correlation of the cycles can be observed. It seems clear, a
~riori, that the variations in yield throughout the year are
essentially due to the tuna's reaction to the bait rather than to
a fluctuation in stock abundance (Stequert ~~ al., 1975).
6.1.2 The Seychelles
The four Seychelles po1e-and-1ine vessels owned by SOGET/
SNAFIC landed approximately 400 t of tuna (56% y e Ll o w f Ln , 44%
skipjack) between January 1980 and January 1981 (Table 45), a
disastrous failure when compared to the project's initial target
of 1 000 t per vessel per year. The fishing expeditions were
essentially focused on the continental slopes of the Seychelles
and Amirantes. plateaux. The poor results had already been anti-
cipated since March 1980 as only two boats were operating. The
principal causes of the failure were:
Inadequate vessels (Japanese converted vessels). The
platform on each was too high from the surface and hardly
suitable for hauling aboard the large (40 kg) y e Ll o w f Ln which
were plentiful, together with a mistaken concept on maintaining
live bait (inadequate salt water tanks).
- Lack of flexibility in the fishing company management.
Major problems encountered in securing sufficient quan-
tities of live bait, a fundamental aspect which had never been
given due consideration.
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Table 45
RESULTS OBTAINED BY POLE-AND-LINE VESSELS IN THE
SEYCHELLES DURING THE FIRST YEAR OF OPERATION,
JANUARY 1980 TO JANUARY 1981 (Marsac and Stequert, 1984)
In port Sea-days Yield
Days present Catch t/fishing-
in the Days % Tuna Bait ( t ) day
Vessel Seychelles
Days %
* *ALDABRA 134 44 88 84 49 95 1.1
ASSOMPTION 366 101 28 .161 104 39 192 1.2
ALPHONSE 245 135 55 89 21 19 56 0.6
ASTOVE 245 173 71 35 37 51 27 0.8
Total 47 246 370 1.0
fleet
(*) No. of sea-days for January and February 1980 are not known
(**) Average percentage of baiting time for ALDABRA + ASSOMPTION
falls to 36% for the second semester and 29% for the last 3
months of 1980
6.1.3 Australia
The main target species of the Australian pole-and-line
fishery is the southern bluefin tuna. Al b a c o r e , skipjack and
bigeye are also caught. The main fishing grounds are situated on
the continental shelf as well as in the economic zone and more
particularly southwest of the Australian continent. These areas
are exploited by pole-and-line with live bait (sardines or scad)
as well as by purse-seining. Tuna schools are generally sighted
first from the air. The pole-and-line vessels bait the tuna and
begin fishing while the seiners set the nets around them. The
catch is shared between the vessels taking part in the ope-
ration. In some cases, however, once the school has been sighted
the pole-and-line vessels operate alone, using trolling lines.
Annual catches were approximately 10 000 t before 1980 and
doubled in 1981-1982 following a notable increase in fishing
effort and the introduction of purse seining.
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To avoid the massive reduction of the adult southern bluefin
stock following heavy catches of the young individuals, conser-
vation measures to limit catches were introduced as follows:
quotas, decrease in the number of purse-seiners, and closure of
purse-seining in coastal waters. The 1983-1984 season production
was thus maintained at approximately 15 000 t.
6.2 PURSE-SEINING
More than 100 000 t are landed each year through purse-
seining by the French, Ivorian, Spanish and Mauritian fleets.
6. 2 • 1 Fishing technique
A purse-seiner's activity is divided into two phases. The
first involves searching for schools, whereas the second involves
setting the nets around the fish and hauling them in.
The first phase (search) can occupy the crew for more than 12
hours a day from sunrise to sunset. The men on watch scan the
surface in an effort to detect the presence of tuna. They are
equipped with powerful binoculars installed in the crow's nest
(15 m above sea level) or in front of the gangway. Flights of
birds are the most reliable indications since they can be seen
from distances of several nautical miles in good weather con-
ditions. Other signs are sought, such as floating debris, tree
trunks, palms, bamboo shoots, current streams, whales or whale-
sharks, as they often conceal tuna swimming near and below them.
In some cases, a helicopter, based on the vessel, completes the
search within a normal radius of about 20 nautical miles.
Sometimes in support of the vessels, observers use a low-flying
aircraft to cover the purse-seiner's area of action (see
Chapter 5).
Once the -presence of tuna is identified, the skipper must
assess the school's vulnerability (mobility, how long it remains
on the surface) and its concentration under the water surface by
using echosounders or sonar. When conditions appear favourable,
the vessel moves in to initiate the second phase which consists
in encircling the tuna school with the net. A skiff is lowered
into the water with one end of the net while the seiner pays out
the rest of it in order to surround the school as it moves at
about 13-14 knots. This is a delicate phase: as the seiner is
paying out the net, the skipper is q u Lc k I y taking into account
the movement and direction of the school, of the wind and of the
current in order to encircle the maximum number of tuna with the
net. The bottom of the seine is then closed with a cable, the
rings are hauled aboard and the net retrieved, until the catch is
alongside the vessel. At this point the catch is brailed onboard
before being lined up in the freezers at -17 0C. The sequence of
operations is illustrated in Figure 133.
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The skiff is lowered
CD into the water with one
. end of the net
The circle nears
completion
The seine pays out the~
net around the tuna ~~~'<Y
school '
....', ,
~ The skiff pulls away
The lower cable arid 'slip
QD rings closing the bottom of
the net are hauled in
End of closing operation
GD and hauling in of the net
continues
»
".;;':
:.:..,i.- .
!.;S'
•• ,jfr
'.:"., .,_ ---.:.~:3J./
The net is hauled i.ri'"
forming a pocket as the
skiff returns
®
The pocket is reduced
to the maximum
Figure 133. The sequences of a purse-seining operation (Stequert and
Narsac, 1983)
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Relevant details: There are some differences between the
Spanish, Ivorian and French rigs:
- The bottom edge of the seine consists of a~cab1e, the purse
line, running through a series of steel rings. Traditionally, on
the French and Ivorian vessels these rings are closed, and in
order to free the purse line once the net has been closed under-
neath, a metal tool, onto which the rings are placed, must be
employed. Spanish crews use clip rings that can open in order to
save time in freeing the bottom cable. This "Spanish" rig system
has also been adopted by the French vessels.
- The brai1ing equipment on Spanish vessels does not require
the use of a skiff when the catch is concentrated alongside the
seiner. The net is held off the sides of the vessel by a pivoting
steel pole turned to one side to which the cable lines are
attached passing through the powerful winches capable of lifting
6 t at a time; the smaller equipment found on the French vessels
can lift only 2 to 3 t of tuna at a time.
These few differences enable the Spanish fleet to perform
better on a set-by-set basis, thanks to their more powerful
equipment. They are able to maximize catches thus exploiting each
catch more advantageously. In 1981, Fonteneau et al. (1983) esti-
mate d t hat Spa n ish ve s s e 1 s s pen ton 1 y 1 3 % 0 f- the f ish i n g t i me
setting and hauling the nets against 18% of the fishing time
required by the French and Ivorian fleets for equivalent yields.
With regard to searching strategy the French and Ivorian fleets
no longer make use of helicopters whereas Spanish vessels
continue to use them.
6.2.2 The fleets
The first attempt at commercial purse-seining in the Indian
Ocean was carried out in December 1979 by a Japanese-built seiner
LADY SUSHILL owned by the Mauritius Fishing and Canning
Enterprises. She is 56 m LOA, for 535 GRT and capable of holding
420 t of frozen tuna. This vessel is the only Mauritian
commercial seiner.
The first French expedition on a commercial basis began in
November 1982 from the Seychelles, with four vessels taking part,
each coming from the Atlantic. These were the YVES DE KERGUELEN
and the TREVIGNON 11 (69 m seiners, 1 146 GRT, 800 t holding
capacity), the GEVRED (51 m, 603 GRT, 400 t holding capacity) and
the PRESIDENT LACOUR (48 m, 480 GRT, 350 t holding capacity).
The fleet remained almost the same until October 1983. In August
the PRESIDENT LACOUR abandoned activities in the Indian Ocean to
be replaced with the ILE TRISTAN, followed by the SANTA MARIA
(55 m, 780 GRT, 450 t holding capacity). By the end of that year
more and more vessels were operating in the area including
several seiners from Cote d'Ivoire. Of the 12 vessels in November
1983 (10 French, 2 Ivorian) the Franco-Ivorian fleet had
increased to 32 vessels (26 French, 6 Ivorian) by December 1984.
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Two Spanish seiners (flying Panama and Caiman Islands flags)
joined the activities in February 1984. By December the Spanish
fleet numbered 16 vessels. Atlantic tuna fishing grounds had
been abandoned by many seiners in the course of 1984 in favour of
Indian Ocean waters. The fleets were of 3 categories, which are
classified here according to ICCAT regulations:
Class 5: Seine vessels, 450-800 GRT, 350-500 t holding capacity
Class 6: Seine vessels, 800-1 200 GRT, up to 800 t holding
capacity
Class 7: Seine vessels exceeding 1 200 GRT, 1 000-1 200 t
holding capacity
LADY SUSHILL comes under class 5.
French fleet numbered 14 vessels in class
The Spanish fleet numbered 4 in class 6 and
class 7. A monthly breakdown of the number
seiners is given in Table 46.
In December 1984 the
5 and 18 in class 6.
12 vessels in
of operational purse-
6 .2.3 Fishing grounds
These were originally limited to the areas near the
Seychelles, but as the fleets grew, the areas of exploitation
increased to cover the entire Western Indian Ocean.
The Mauritian seiner explored the Seychelles and Chagos
Island regions from December 1979 to August 1980, then moved on
to southwest of Sumatra until 1982 to concentrate subsequently
almost entirely on the Western Indian Ocean fishing grounds.
From January to July 1983, the French fleet mainly exploited
the area comprised between the Seychelles and the Chagos Islands
from 3 0S to 8 0S. In August until October of the same year
fishing expeditions moved north (as far as 3 0N) and west (50 0E).
In 1984, the main activity was concentrated south of the Equator
between 50 0E and 70 0E during the first quarter, and subsequently
moved north towards lOoN and west.
The Spanish fleet (in a wide sense) explored a vast area:
from 42 0E to 69 0E and from 1 0S to 9 0S (from March to June 1984),
from ION to 5 0S and from 50 0E to 58 0E (from July to September)
and from SON to 9 0S and from 45 0E to 63 0E (from October to
December).
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Table 46
MONTHLY BREAKDOWN OF THE NUMBER OF OPERATIONAL PURSE-SEINERS
IN THE INDIAN OCEAN, WEST OF 85 9E, FROM NOVEMBER 1983
TO DECEMBER 1984
------
Purse-seiners
Month Total
Category 5 Category 6 Category 7
------ 1---
1
9 December 3 2 5
8
1
2
L--_____
January 3 2 5
February 3 2 5
March 3 2 5
April 3 2 5
1 May 3 2 5
9 June 3 2 5
8 July 4 2 6
3 August 5 2 7
September 4 2 6
October 5 2 7
November 7 7 14
I December 8 7 I 15 I
I ~-----~>----------i
I 15 II January 8 7I February 8 8 1 17 I
1 March 8 12 2 22
I\
April 8 15 4 27
I
! 1 May 12 18 6 36 I9 June 12 18 6 36
8 July 10 13 6 29
4 August 8 17 6 31
September 12 19 6 37
October 14 20 8 42
November 14 22 1 1 47
December 15 22 1 2 49L_
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The expansion of the areas of activity is a normal growing
process in fishery development. The seiners try to follow the
seasonal migration of the fish and identify the areas of maximum
concentration. This is a kind of "apprenticeship" or "getting to
know the potential fishing grounds" phase.
6.2.4 Catches
Purse-seine catches in the Indian Ocean have grown from 44 t
in 1979 to 106 000 t in 1984 (Table 47). During these 5 years,
most of the catches came from the Western Indian Ocean except in
1981 and 1982 when 75% and 28% of the annual catches were
recorded respectively in the eastern basin by the Mauritian
s e i n e r , The 1984 catch distribution by country is assessed as
follows:
- France •••••••••••••••• 67 000 t
- Spain (and affiliated) 22 000 t
- C9te d'Ivoire •••••••• 13000 t
- Mauritius •••••••••••• 4 000 t
- Japan (JAMARC survey). negligible
oThe distribution of total catches by 5 square and by month
from 1982 to 1984 is shown in Figure 134 with an interruption
from July to October 1982 when no vessel was operating in the
area.
During the 1982 surveys and in the course of commercial
exploitation in 1983 the most Jroductiove areas were pinpointed
east of the Seychelles: from 0 to la 5 and from 55 0E to 70 0E
during the first six months (from January to June 1983) and also
during the last two months in 1982 and in 1983. From August to
October 1983, the main fishing grounds were situated on 5 0N to
5 0S, between 50 0E and 55 0E. In 1984 the pattern is similar to
the previous year with best results obtained from January to
April south of the Eguator between 55 0E and 70 0E and in July
until October from 5 N to 5 0S, between 50 0E and 60 0E. Other
areas, relatively unexplored until then, were exploited in
.0000May-June, north of Madagascar (55 to 155 and 45 E to 55 E).
The hi§hest yields obtained in November and December 1984 came
from 0 and 5°S, but the adjacent areas (from 0 0 to 5 0N and from
5 0S to 10°5) were also productive.
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Figure 134. Monthly catch distributions recorded by French, Ivorian,
Spanish and Japanese seiners from 1982 to 1984 (Marsac
et al., 1983; Potier and Marsac, 1984; JAMARC, 1984;
Cor~1985; Marsac and Hallier, 1985)
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Table 47
TUNA CATCHES BY PURSE-SEINERS OPERATING
IN THE INDIAN OCEAN FROM 1979 TO 1984
(total all fleets)
Months bracketed together indicate trips made by the
Mauritian seiner LADY SUSHILL for which data on monthly catches are
not available
1979 1980 1981 1982 1983 1984
January 67 234 562 1 317 5 773
February ) 278 630 1 565 4 806
) 518
March ) 154 784 1 463 8 625
April ) 112 250 1 722 5 928
) 70
May ) ) 244 971 7 81 7
)
June ) )336 31 1 880 4 244
) )
July ) 134 ) ) 815 4 651
) )
August ) ) ) 636 5 970
) ) 535
September ) )496 ) 1 055 13 373
) 271 ) )
October ) ) ) 2 434 16 230
November 513 438 3 806 20 132
December 44 140 342 830 5 736 9 111
Total (t) 44 1 200 2 465 4 584 22 400 106 660
6.2.5 Fishing effort and yields
During the first six months of 1982, fishing effort was
distributed around the Seychelles, in accordance with survey
requirements. From November 1982, the areas of maximum efforts
are those producing the highest catches (Fig. 135).
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Figure 135. Monthly effort distributions (expressed in fishing-day) recorded
by French, Ivorian, Spanisq and Japanese seiners from 1982 to
1984 (Marsac et al., 1983; Potier and Marsac, 1984; JAMARC, 1984;
Cort, 1985; Marsac-and Haylier, 1985)
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Marsac and Hallier (1985) have emphasized the substantial
differences in fishing time for each of the different classes of
seiners during maximum activity periods. In January and February
1984 t the large seiners spent 3 to 5 days more on the fishing
grounds than the medium class v e s s e L; and 6 more in September.
The difference is due to the greater holding capacity of class
6 and 7 vessels in comparison to the others. This larger
capacity enables them to stay out longer on the fishing grounds
thus optimizing their time spent at sea.
Considering all the fleets in the
the average monthly fishing effort has
1982 to 1984 on a boat-by-boat basis
trend of the overall effort is reported
Table 48
various classes together t
remained very stable from
(Table 48). The monthly
in Table 49.
ANNUAL FISHING EFFORT AND AVERAGE MONTHLY EFFORT
PER BOAT FROM 1982 TO 1984 OF FRENCH t IVORIAN
AND SPANISH FLEETS
r.
Total No. Average No.
of fishing- of fishing-
days days/month
Year pe r vessel
_.
1982 240 20
1983 1 408 21
1984 7 641 21
The monthly pattern of the catch per unit effort (cpue)
measured in tonnes per fishing-day from 1982 to 1984 is reported
in Table 50. Seasonal trends are clearly highlighted: high yields
were recorded for the first quarter, an average of 17-18
t/fishing-daYt low yields of 6-9 t/day from June to August t
improving from September to November with an average of 15-20
t/day. Average yearly yields increased slightly between 1982 and
1984. The average monthly cpue (measured in tonnes/fishing-day)
recorded between 1982 and 1984 by the Er e n c h , Lv o r I a n , Sp a n I s h ,
and Japanese fleets is given in Figure 136.
Best yields are usually obtained from areas that are
characterized by particular hydroclimatic conditions. Marsac and
Hallier (1985) identified 4 hydrological structures in the
Western Indian Ocean which were responsible for heavy concentra-
tions of tuna (from November 1983 to December 1984):
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the south equatorial countercurrent and the equatorial jet;
convergence zones;
steep thermal gradients in the thermocline;
the cooling of surfa~e waters with subsequent formation of
frontal zones.
1. The south equatorial countercurrent is very seasonal
(November to April, the southern summer). Tuna yields from
the fishing grounds situated along its path were high from
January to March 1982, in January and March 1983, from
November 1983 to February 1984 and again in December 1984
(Figure 136). During the intermonsoon, the eastern-flowing
equatorial jet was conducive to high tuna yields in October
1983 and 1984.
2. Several zones of convergence are formed in the course of
each year according to the current streams. The cpue have
been often higher there during a given month than in
adj acent fishing grounds, as occurred along the equatorial
countercurrent's northern limit in March 1983 and again in
February and March 1984, as well as north of the Mozambique
Channel in May 1984 (due to the effects of the anticyclone
movement in the south equatorial current) and also east of
Somalia where a great whirl induced by the southwest monsoon
generally in May and from August to October occurs. Much
flotsam and drifting debris (the importance of which has
already been mentioned in preceding chapters) are found
along these zones of convergence.
3. Areas where thermal gradients are steep usually show an
intense productivity. High yields were obtained from such
areas, east of the Seychelles, during the month that
followed a strong stratification of the water (with a
shallow ~ixed layer only 20-30 m deep).
4. Sea surface temperatures, normally stable and relatively
high during the summer months cool substantially in May
(southern waters moved by the trade winds) northwest of
Madagascar and along the east African coast which results in
fronts (2S o-27 0C) around which high yields are obtained.
Off Somalia thermal walls occur between the upwelling areas
and the warmwater mass spreading north of the Equator in
Juld-August. This rapid variation in water temperature
(25 -28 0C) only occurs on surface levels during the south-
west monsoon (blowing from southeast, south of the Equator).
Most of the catch is made on free-swimming schools gathered
for feeding.
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Table 49
MONTHLY FISHING EFFORT (IN FISHING-DAYS)
EXTRAPOLATED FOR THE PURSE-SEINE FLEETS OPERATING
IN THE INDIAN OCEAN WEST OF 8s oE FROM 1982 TO 1984
-~ 1982 1983 1984Month
January 27 104 300
February 22 108 264
March 25 88 484
April 38 113 508
May 38 1 12 869
June 33 105 715
July 20 92 564
Aug us t 20 110 644
September 20 127 830
October 20 155 769
November 49 267 946
December 108 354 1 040
1-- --
Total 420 1 735 7 933
A summary of the more productive fishing grounds (yielding in
excess of 10 t/day) over a 3-year period is reported in
Figure 137:
From January to April, the best fishing grounds with
generally good yields are found between 0 0 to lOOS and 60 0E
to 6s oE.
In May, from the beginning of the monsoon, the best fishing
grounds are found along the east African coast from SON to
20 0S.
From August to October, the best results are obtained from
00000005 N to 5 S-10 S, from 0 to 5 N between SO E and 60 E; and
from 0 0 to lOOS between 60 0E and 6s oE.
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During November (transitional period) good yields are
obtained north of the Equator and as far as lOoS.
In December, the best fishing grounds are in the same areas
as for the first four months with continuous good catches in
the equatorial countercurrent stream from 0 0 to 5 0S.
New productive areas might be
more surveys are undertaken to
towards Somalia and Socotra, or
again the Eastern Indian Ocean
prevision of the more productive
made in light of the first results
found in the near future, as
inspect areas further north
in the Mozambique Channel or.
section. A more accurate
fishing grounds will thus be
obtained.
Table 50
MONTHLY CATCHES PER FISHING EFFORT
(IN t/FISHING-DAY) OF PURSE-SEINERS OPERATING
WEST OF 85 0E FROM 1982 TO 1984
~Month 1982 1983 1984 Average1982-1984
January 20.8 12. 7 19.2 17 .8
February 28.6 14.5 18.2 17. 8
March 31.4 16.6 17.8 18.2
April 6.6 15. 2 11. 7 12.0
May 6.4 8. 7 9.0 8.9
June 9.4 8.4 5.9 6.4
July ) 8.9 8.2 8.3
)
August ) 5.8 9.3 8. 7
) 6. 7
September) 8.3 16 • 1 14.9
)
October ) 15. 7 21. 1 19.9
November i 8.9 14.3 21.3 19.3
I
10.4December I 7 • 7 1 6 • 2 8.8
I
I--A~~r ag-e----l
10.9 12. 9 13.4 13.2
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(No vessel of the named
fleets was present in the
Indian Ocean from July to.
October 1982)
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O· O· O·
10', 10"
20'1 20" 20"
June 8L
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Figure 136. Monthly catch per unit effort breakdown (expressed in t/fishing-day)
recorded by French, Ivorian, Spanish and Japanese seiners from
1982 to 1984 (M~rsac et al., 1983; Potier and Marsac, 1985; Marsac
and Hallier, 1985) -----
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Species breakdown of the catch
Four tuna species make up the bulk of seine catches: yellow-
fin, skipjack, bigeye and albacore.
Other species are also caught but in lesser quantities:
kawakawa or little eastern tuna, dolphin fish (f~haen~
hippurus), barracuda (Sphyraena s p p , )", rainbow runner (Elagatis
bipinnulatus), wahoo or kingfish (Acanthocybium ~olandri),
triggerfish (mainly Balistes rotundatis), shark and swordfish
(Istiophorus platypterus and Xiphias gladius).
Spec~es breakdowns of the catches for all the fleets
operating between 1982 and 1984 are not available, therefore only
the following have been considered:
the French fleet data for 1982,
the French and Ivorian data for 1983,
the French, Ivorian, Spanish and Mauritian data for 1984.
Table 51 seems to indicate a stable trend for the catches
between 1982 and 1984. Yellowfin are slightly more plentiful,
ranging from 52 to 56%. Skipjack and yellowfin catches represent
together more than 95% of the total. Bigeye tuna yielded well in
1984 compared with the two preceding years, however, it is
possible that these were misidentified as young bigeye are very
similar to yellowfin and might well have been accounted for in
the latter group (yellowfin) in the first two years analysis. A
sampling system has since been set up to correct the figures on
these two species. The albacore catches only appeared in 1984,
staying at a low level (less than 1% of the total).
Table 51
SPECIES BREAKDOWN OF TUNA CATCHES BY PURSE-SEINERS
FROM 1982 TO 1984
Yea r 1982 1983 1984
Species ( %) (%) (%)
Yellowfin 52.4 56.2 53.8
Skipjack 47.4 43.2 41.9
Bigeye 0.2 o•6 3.8
Albacore 0.0 o.0 o•5
1;;i;Ji~iJ1 YELLOWFIN.
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Figure 138. Monthly species breakdown of the purse-seine
catches in the Western Indian Ocean from 1982
to 1984
Table 52
MONTHLY SPECIES BREAKDOWN OF TUNA CATCHES
BY PURSE-SEINERS IN THE WESTERN INDIAN OCEAN
FROM 1982 TO 1984
(Marsac et al., 1983; Potier and Marsac, 1984;
Cort,~85; Marsac and Hallier, 1985)
I YELLOWFIN SKIPJACK BIGEYE . ALBACORE ITOTAL :
1982 1983 1984 1982 1983 1984 1982 1983 1984 1982 1983 1984 1982 1983 1984
January l 318 253 4 004 37 804 1 016 0 0 31 0 0 0 355 1 057 5 051
!
February i 97 709 3 498 119 596 738 0 0 1 0 0 0 216 1 305 4 237I
i
March I 132 . 426 6 325 145 750 1 551 0 20 84 0 0 15 277 1 196 7 975
I
April i 38 379 2 555 63 1 069 2 825 4 7 106 0 0 5 105 1 455 5 491
I,
May I 100 145 4 878 0 298 2 075 0 54 98 0 0 367 100 497 7 418 I
June 162 362 3 119 5 341 705 0 6 129 0 0 80 167 709 4 033
July - 510 3 421 - 132 744 - 3 166 - 0 37 I - 645 4 368
August - 426 3 002 - 39 2 465 - 0 102 - 0 0 - 465 5 569
I
September - 461 3 392 - 423 8 473 - 0 636 I - 0 0 - 884 12 501
October
- 926 3 853 - 1 013 9 844 - 20 1 544 - 0 0 - 1 959 15 241
November 27 2 347 9 823 144 981 8 691 0 0 577 0 0 1 171 3 328 19 092
December 150 3 711 5 731 413 1 743 2 560 0 0 272 0 0 0 563 5 454 8 563
Total 1 024 10 655 53 601 926 8 189 41 687 4 110 3 746 0 0 505 1 954 18 954 99 539
I
1982: French data/1983: Ivorian and French data/1984: French, Ivorian, Spanish and Mauritian data
N
o
o
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The monthly species breakdown of the catches is reported in
Figure 138. Yellowfin are caught mostly between June and August
and from December to March. The in-between periods are boosted
with abundant skipjack catches. There does not seem to be a spe-
cific interannual cycle where higher bigeye catches are concerned
(May 1983-0ctober 1984). This could be due to biased reporting
prior to 1984. The a l.b a c o r e tunas were caught only in May and
June 1984, the first two months corresponding to lower surface
water temperatures right at the beginning of the winter monsoon.
From 1982 to 1984 yellowfin catches rose from 1 020 t to
53 600 t and skipjack from 920 t to 41 690 t (Table 52). For
comparison the seiners operating in the East Atlantic caught
100 000 t of yellowfin and 60 000 t of skipjack each year.
6.2. 7 Size structures in yellowfin and skipjack tunas
. French and Ivorian data are the only information available at
present. Size sampling of the tuna landed in the Seychelles was
set up by ORSTOM, at the time when exploitation began. This
procedure has been continued systematically since January 1984.
A first summary analysis was prepared by Marsac and Hallier in
1985, based upon unweighted and unextrapolated 1984 data.
- Yellowfin
Three to four distinct groups can be identified. The first,
fish measuring less than 70 cm, is well accounted for until May-
June only to practically disappear in July-August. From
September there is a progressive increase of this particular
group. The absence of small yellowfin below 45 cm is worth
noting (Figure 139).
Intermediate groups with individuals ranging from 80 to
120 cm fluctuate occasionally in the course of the year. They
become more plentiful from March to September only to diminish
later. Their absence in December 1984 is certainly influenced by
a lack in sampling (only 216 individuals were measured). The
group of specimens more than 120 cm in length constitutes a
substantial part of the catches throughout the year, in terms of
weight.
Recent increases in yellowfin catches by seining may pose the
problem of interaction with longlining techniques as the seiners
alone account for 50% of the total yellowfin catches including
the sizes normally caught by longliners.
This species represents a wide cross-section of different
sizes from March to September resulting in difficulties in
classifying them (except in June). Juvenile skipjack seem to
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recruit to the fishery in January-February, as reported in 1983
(Potier and Marsac, 1984). They disappear in October, when 2 or 3
distinct groups can be identified. This situation generally lasts
until January (Figure 140).
Establishing modal progression based on histograms presents
problems. Mendoza (1982) underlined this fact in the Atlantic
fishery, attributing the variability of distribution in time and
space to hydrological conditions encountered by the different
size classes during migration. In the Japanese skipjack pole-
and-line fishery exploited northwest of Madagascar, Marcille and
S t eque r t (1 9 76 ) had a 1 so as c er t a i ne d the s a me con si s ten t va 1 u e s
in the time-span which they attributed to a recruitment-growth-
migration process.
6.2.8 Floating objects and tuna purse-seining
Fishermen have known for a long time that pelagic species
aggregate around drifting debris. Tuna fishing around such
floating objects is carried out in the Atlantic, Pacific and
Indian Oceans. Drifting flotsam is either natural or artificial.
Natural drifting objects are often bamboo, wooden planks, boxes,
tree trunks, etc., plus the material carried along by rivers or
thrown overboard by passing ships (generally wood). Other objects
can be considered as drifting wreckage, e v g v : dead whales
rotting on the sea surface, longline floats that have broken
loose, hauling ropes, etc. Artificial devices are often in the
form of a floating platform or raft, generally assembled by
fastening four to six 200-1 barrels to a light-weight support
made of metal or bamboo. Coconut palm can be fastened underneath
to increase the device's attracting capacity. A radar reflector
o r 1 i g h t b u 0 Y i s some t i mesri g g e d 0 v er the top 0 f the r aft to
facilitate their location.
The anchored man-made rafts for commercial fishing purpose
(payaos) are deployed over deep waters (3 000-4 000 m). The
technique is widely developed in the Philippines but not in the
Indian Ocean. An experiment was however attempted in the
Seychelles by ORSTOM in 1982. The project involved launching 5
rafts and anchoring them over given areas of 1 500 m depth. These
measured 5 x 3.5 m, and were assembled within a rectangular metal
structure (holding the barrels in place) surmounted by a flat
bamboo rectangular assembly to which lines (2-3 m long) with
palms and other leaves were attached. A triangular vertical
structure carrying a light buoy and a radar reflector fastened
over the top completed the assembly (Figure 141). At the begin-
ning of the monsoon 3 rafts were swept away and the remaining two
were lost 3 months later. Unfortunately, these fish aggregating
devices (FADs) were not inspected regularly because their loca-
tion was a little outside the normal fishing ground limits
exploited by the local artisanal fisheries (small boats) and
because there was only one tuna seiner in the area. Never-
theless, 15-20 t tuna schools (mainly skipjack) were found close
tot h e FAD son se v era 1 0 cc as ion s • Its e ems the cur re n t was too
strong for the fish to remain there for any length of time.
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Purse seiner fleets operating in the Indian Ocean take a fair
part of their catch near to floating objects. The data available
from the French and Ivorian fleets have made it possible to
compare the catches taken around floating objects with those
obtained from free-swimming schools. The term "free-swimming
schools" is also used to indicate the groups of fish swimming
close to various species of whales such as the Balaenoptera
~~salus mainly and the Rhyncodon !Y~ shark-whale. It is noted
that the tuna-dolphin association is rare in the Indian Ocean t
the contrary to which is observed in East Pacific waters.
6.2.8.1 Catches and~iel~
The overall catch distribution registered on a monthly basis
for tuna caught around debris etc' t and on free-swimming schools t
between 1982 and 1984 in the Indian Ocean t is illustrated in
Figure 142. In 1982 and 1983 more effort was placed on flotsam
aggregated schools than in 1984. When free-swimming schools are
plentiful, as it was the case in 1984, they immediately attract
th~ main fishing effort as they are generally made up of yellow-
fin tuna whose market value is higher than that of skipjack. The
proportion of debris associated to free-swimming schools catches
varies a great deal from month to month. Peak catches on debris-
associated schools were recorded in September and October 1983
and 1984. They represented 65% of the total catches in 1982, 56%
in 1983, and 42% in 1984.
- The success ratio around flotsam, obtained by dividing the
number of positive sets by the total number of sets, has been
stable and at the same time high throughout the three-year period
examined: 88 to 92% (Table 53). Fishing on free-swimming
schools, on the other hand, had lower success ratios ranging from
54 to 57% only (Table 54).
Catches per set are higher when carried out on flotsam;
however, catches per positive set which were similar in 1982 and
1983 for the two kinds of schools were higher around debris in
1984 (38% more than for free-swimming schools).
Fishing around flotsam is mainly practised early in the
morning t before 07.00 h. As much as 85% of the catches and 82% of
the sets take place between 04.00 h to 07.00 h; catches per set
are also highest during this period (Table 55). Catches on free-
swimming schools are distributed fairly evenly between 07.00 h
and 19.00 h (few sets can be made before 07.00 h and the results
are not significant). However, success ratios drop from 10.00 h
to 15.00 h, and catches per set are higher in the afternoon than
in the morning (Table 56).
The positive set figures obtained on each kind of school
according to the catch are shown in Table 57. Catches per
positive set for both aggregated and non-aggregated tuna schools
are very similar.
206
4 x 200 1
Worn
buoy
reflector
rig (galvanized tubes)
cable
2 tyre~
rectangular bracket
-, "
Coconut palms
Dimensions: 5 m x 3.5 m
Figu~e 141. Steel and bamboo raft anchored in deep water
in the Seychelles
%
100
80
60
40
III Debris c==J Non_aggregated schools
1982 1983 1984
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Table 53
DATA ON CATCHES OF TUNA AGGREGATED NEAR FLOATING DEBRIS
BY THE FRENCH AND IVORIAN FLEETS IN THE INDIAN OCEAN
FROM 1982 TO 1984 (Marsac et a l , , 1983; Pot i.er and
Marsac, 1984; Marsac-and Hallier, 1985)
1982 1983 1984
C S.R Y/S Y/S+ C S.R Y/S Y/S+ C S.R Y/S Y/S+
January 90 75 11.3 15.0 746 84 16.6 19.6 784 93 17.0 18.2
February 216 100 27.0 27.0 802 89 17.8 20.1 410 95 20.5 21.6
March 277 100 17.3 17.3 1 087 95 27.2 28.6 448 82 26.4 32.0
April 70 100 23.3 23.3 1 319 89 20.6 23.1 2 215 96 32.6 34. 1
May 0 0 0 0 487 88 11.3 12.8 1 915 95 19.5 20.6
June 0 0 0 0 581 96 23.2 24.2 609 83 33.8 40.6
July - - - - 182 92 14.0 15.2 868 82 31.0 37.7
August - - - - 36 83 6.0 7.2 3 166 96 33.3 34.8
September - - - - 848 88 35.3 40.4 8 006 91 37.9 41.9
October - - - - 1 543 94 32.8 35. 1 7 051 92 39.6 43.0
November 101 63 12.6 20.2 1 371 96 26.4 27.4 3 369 92 21.6 23.4
December 515 91 15.6 . 17.2 1 591 97 18.3 18.9 1 765 85 16.0 19.0
Total
or 1 269 88 16.5 18.7 10 593 92 21.6 23.5 30 606 91 29.3 32.0
Average
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Table 54
DATA ON CATCHES OF FREE-SWIMMING TUNA
BY THE FRENCH AND IVORIAN FLEETS IN THE INDIAN OCEAN
FROM 1982 TO 1984 (Marsac et al., 1983; Potier and Marsac,
1984; Marsac an~allier, 1985)
1982 1983 1984
C S.R Y/S Y/S+ C S.R Y/S Y/S+ C S.R Y/S Y/S+
I
I
January 265 67 12.6 18.9 311 35 5.8 16.4 4 126 73 17.4 23.7
February 0 0 0 0 503 40 10. 1 25.2 3 685 60 16.0 26.5
March 0 0 0 0 109 18 5.0 27.3 I 5 838 47 13. 1 27.9
April I 35 17 5.8 35.0 136 27 5.2 19.4
i
2 241 43 10. 1 23.6I
May I 100 80 20.0 25.0 10 33 1.7 5.0 ! 2 487 49 10.3 20.9
f
!
I
June 167 67 18.6 27 .8 128 29 9. 1 32.0 I 2 962 44 13.0 29.3I II
IJuly I - - - - 463 39 20.1 51.4 1 891 21 12.6 61.0I
IAugust - - - - 429 40 12.3 30.6 875 21 5.0 24.3
I
September 36 21 2.6 12.0 i 1 592 57 13.0 23.1- - - -
October - - - - 416 60 27.7 46.2 3 844 41 12. 1 29.8
November 70 57 5.0 8.8 1 957 77 15.8 20.6 8 159 79 14.8 18.6
December 48 57 6.9 12.0 3 863 70 15.7 22.3 4 248 59 9.2 15.7
Total
or 685 56 10.4 18.5 8 361 57 13.3 23.3 41 948 54 12.4 23.2
Average
Legend: C:Catch (t); S.R: Success ratio(%); Y/S: Yield per set (t); Y/S+: Yield per positive set (t)
N
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Table 55
CATCHES ON FLOATING DEBRIS FROM THE TIME
OF SETTING THE NET (FROM 1982 TO 1984)
4 to 7 to 10 to 13 to 16 to
7 h 10 h 13 h 16 h 19 h
% of total catches
on floating debris 85.7 6.3 5.9 1.9 O. 1
% of sets 82.0 7.7 7.7 2. 1 0.5
Success ratio 96.3 100.0 80.0 100.0 100.0
Yi'e Ld per set 24.3 19. 1 17.9 21.8 4.0
Yield per positive set 25.2 19. 1 22.4 21.8 4.0
Table 56
CATCHES ON FREE-SWIMMING SCHOOLS FROM THE
TIME OF SETTING THE NET (FROM 1982 TO 1984)
4 to 7 to 10 to 13 to 16 to
7 h 10 h 13 h 16 h 19 h
% of total catches
on floating debris 7.8 26.2 18.4 26.3 21.3
% of sets 3.7 30.7 23.2 24. 1 18.3
Success ratio 77 .8 47.3 39.3 41.4 52.3
Yield per set 27.3 11.2 10.4 14.3 15.3
Yield per positive set 35. 1 23.7 26.4 34.6 29.2
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Table 57
RELATIVE FREQUENCY OF POSITIVE SETS ON AGGREGATED AND
FREE-SWIMMING SCHOOLS ACCORDING TO TONNAGE FROM 1982 TO 1984
(Hallier, 1986)
Relative frequency of positive sets
Catches
(t) Aggregated Free-swirmning
1- 10 33. 1 35.2
11- 20 23.8 24.5
21- 30 12.6 12.9
31- 40 7.9 8.5
41- 50 5.9 5.2
51- 60 4.3 3.2
61- 70 3.0 2.9
71- 80 2.7 2.5
81- 90 1.3 1.2
91-100 1.7 1.2
101-110 0.8 0.5
111-120 0.9 0.6
121-130 0.5 0.4
131-140 0.5 0.3
141-150 0.5 0.3
151-160 0 0.2
161-170 0.2 0.2
171-180 0.2 0.1
181-190 0 0
191-200 0.2 0
>- 200 0 0.1
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Figure 143. Monthly species breakdown of the French and
Ivorian purse-seine fleet catches over drifting
debris from 1982 to 1984 (Hallier, 1986)
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Figure 144. Monthly species breakdown of the French and
Ivorian purse-seine fleet catches on non-
aggregated tuna schools from 1982 to 1984
(Hallier, 1986)
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6.2.8.2 ~ies breakdown of the catch
Skipjack is the species most commonly found to aggregate near
flotsam (Figure 143) all year round whereas yellowfin tuna aggre-
gate only in given periods. Bigeye tuna can alone represent 10%
of the catches, as in May 1983, and again in June and October of
1984. Albacore are hardly ever caught around drifting debris.
The species composition of free-swimming school catches
(Figure 144) shows great differences from one month to the next
but nevertheless clearly indicates the predominance of yellowfin.
In April-May 1982, and March, July and September 1983 yellowfin
tuna represented 100% of the total yield obtained from free-
swimming schools. Bigeye are less plentiful in this latter
school than in aggregated ones whereas albacore tuna represented
as much as 12% of the total catch in May 1984 in free-swimming
schools. The sizes of the fish caught in free-swimming schools
are fairly even but there is a greater diversity of both species
and. size of debris-associated schools, with a species distri-
bution pattern according to the depth, the larger individuals
(yellowfin and bigeye) occupying the deeper waters while the
small ones stay close to the surface.
6.3 GILLNETTING
Gillnetting is carried out almost exclusively by the
Taiwanese fleet in the Indian Ocean. The fishing grounds are
mainly in the Arafura Sea sometimes stretching west towards the
northwest coast of Australia (Figures 145 and 146). The prin-
cipal species caught are shark, longtail tuna, kawakawa or little
eastern tuna, mackerel and swordfish. Longtail tunas are predo-
minant species in the tuna catches. The gillnets are set during
the night and are generally la km long x 18 m deep with mesh size
of 150 mm. This fishery is limited by an annual quota of
7 000 t. Annual catches of longtail tuna amount to nearly
2 000 to
A 26 m Taiwanese vessel explored some of the Seychelles areas
in September 1985; 15 t were caught during a 22-day trip, mainly
skipjack, sharks, marlin and kawakawa.
6.4 SPORT FISHING
A brief mention should be made of sport fishing, even though
it cannot be considered in the same context with commercial and
artisanal fisheries.
Data on sport fishing catches are difficult to obtain. Clubs
and associations sometimes keep daily records of the catches
including the relevant dates and occasionally the weight of each
individual captured. However, these data are far from giving a
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complete picture as there is no record of the activities of the
many independent sport fishermen whose catches are not negli-
gible. The technique adopted by this category is trolling with
either artificial lures or live bait. The data reported in Table
58 were recorded in South Africa. Annual catches increased
slightly between 1981-1982 and 1983-1984 reaching about 350 t ,
Of course, this figure is very much lower than the catches
recorded by commercial fisheries. The southern bluefin tuna
species is always predominant, constituting 50% of the catch.
Albacore accounts for 40% and yellowfin for 10%.
In the more tropical areas, sport fishing is often linked to
the development of tourism as is the case in Reunion, Mauritius,
the Seychelles, Maldives and Kenya.
Table 58
TUNA CATCHES (in t) BY THE SPORT FISHERY IN SOUTH AFRICA
FROM 1981 TO 1984
(Penney, personal communication)
Year Skipjack Yellowfin Bigeye Albacore Southern Total
bluefin
1981 4 7 19 93 123 246
1982 2 3 7 127 139 278
1983 12 49 9 111 185 366
1984 1 36 2· 136 175 350
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7. CONCLUSION
It would be difficult to draw conclusions in a document
covering such a wide variety of issues: biology of the tuna,
regional environment, artisanal and commercial fisheries. This
final chapter is therefore a summary of the potential tuna
surface fishing grounds, taking into account those already
existing as well as those reputed to be conducive to the exploi-
tation of tropical tuna, based on environmental data on tuna
school concentration and vulnerability. The information prin-
cipally concerns two species, skipjack and yellowfin, and is
summarized country by country as follows:
(a) Australia
The most commonly found species is the southern bluefin.
The adult population is exploited by longline fisheries south of
Australia from June to September; trolling, pole-and-line and
purse-seining are practised in coastal inshore waters to catch
the younger specimens.
Along the northwest coast, yellowfin are plentiful from
September to November, and skipjack from June to August.
(b) Indonesia
Skipjack is the main objective
are found throughout the year west of
from May to August.
of fishing activity.
Sumatra and south of
They
Java
- Yellowfin are caught in smaller
throughout the year as well as south of
between November and June.
quantities off Sumatra
Java. Yields are higher
Little tuna are widely represented in the Sumatra and Java
landings.
- Meteorological conditions between June and September during
the southern winter monsoon make fishing difficult due to strong
winds and hurricanes.
The thermocline is pronounced but deep (100-150 m).
Temperature gradient is highest from March to July.
- Currents converge between April and October in areas 5 0S to
lOoS and 85 0E to 100 oE. During this period much drifting debris
and flotsam found in the area provide favourable conditions for
seining, aimed at aggregated tuna schools, before and after the
monsoon.
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(c) Thailand and the Andaman Sea
Little tuna species constitute almost the entire catch of
the region. Longtail tuna account for 70% and are caught all year
round mainly with gillnets and purse-seine by the artisanal
fisheries.
Meteorological conditions are favourable from October to
May during the northeast monsoon.
Dissolved oxygen levels are low throughout the year which
explains the scarcity of yellowfin and skipjack.
(d) Sri Lanka
- The skipjack and yellowfin are the
caught by the artisanal fishery; skipjack
Totpl catches average 35 000 t/year.
species most commonly
40%, yellowfin 25-30%.
Skipjack is caught all year round with gillnets between
June and August and pole-and-line from September to March.
Yellowfin are caught between October and February and from June
to August.
- Meteorological conditions do not favour offshore commercial
fishing off the west coast between May and September and off the
east coast in December-January.
(e) India
Little tuna are the main
India, whereas the catches off
mainly of skipjack and yellowfin
close to 20 000 t.
species caught around peninsular
the Laccadives Islands consist
tuna. The total annual catch is
Fisheries are
commonly used gear
fishing is mainly by
artisanal. Off
is the gillnet
pole-and-line.
continental India the most
while off the Laccadives,
Around the Laccadives
to December and from April
from December to February;
the southwest monsoon, from
fishing for skipjack is from October
to May. Yellowfin are caught mostly
but meteorological conditions during
June to September, are unsuitable.
In the northern region of the Bay of Bengal low salinity
levels in surface waters are caused by the heavy rains during the
southwest monsoon (from June to September) and dissolved oxygen
levels are low throughout the year. During the southwest monsoon,
conditions are unsuitable for offshore fishing.
The most favourable
fisheries are from November
and from February to April
off Andhra Pradesh.
conditions for commercial surface
to February, north of the Laccadives,
along the coast of peninsular India
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(0 Maldives
Annual catches are approximately 30 000 t, made up as
follows: 60% skipjack and 20% yellowfin; 95% of the effort is
carried out with pole-and-line and the rest with trolling gear.
Due to the wide north-south extension of the archipelago, the
three areas (north, central, south) will be discussed separately •
• North Maldives
- Skipjack are plentiful from December to March and in July-
August; some yellowfin are also found during these two
periods.
- Meteorological conditions between June and September are
often unfavourable.
- March-April and November-December are the best periods for
commercial fishing.
- Central Maldives (from 2 0N to 4 oN)
Skipjack are plentiful from May to July; yellowfin in
August-September.
- From January to June the thermocline lies in the first
100 m, with a vertical thermal gradient in excess of
3 0C/IO m.
- The best oceanographic conditions range from May to June.
o
• South Maldives (south of 2 N)
- Tuna is caught all year long without great seasonal
variation except for July to September when some large
yellowfin are caught.
- The meteorological and hydrological conditions are
favourable for fishing all year round.
(g) The Chagos Archipelago
- This area is exploited only by the commercial purse-seine
fleets. Good yellowfin catches are in principal recorded during
the first half of the year.
- Skipjack can be caught all year round in association with
floating debris.
- Weather conditions are generally good except for June to
September when strong winds make fishing difficult.
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(h) Arabian Sea
Little tuna species (frigate tuna, kawakawa, longtail tuna
and kingfish) represent the bulk of the landings and are taken
throughout the year in the Gulf area along the Arabian coasts, in
the Red Sea and the Gulf of Aden. The most common fishing gear
are gillnets and troll lines.
Two seasonal
September along the
eddy extends between
upwellings occur in the area
coasts of Oman and Pakistan;
these upwellings.
from May to
a converging
- Meteorological conditions during the southwest monsoon can
hinder offshore fishing.
- The oxygen-saturated surface layer is thin (restricted to
30-50 m). Deeper, oxygen levels are low (average of 0.5 mIll at
200 m) which limits the presence of yellowfin and skipjack tuna
ex~ept in the Gulf of Aden where they can be found seasonally.
The north region is not suitable for commercial surface
fisheries.
(i) East African coest
- No significant artisanal fisheries operate along this coast
(Somalia, Kenya, Tanzania, Mozambique). Each of these countries
catches only a few hundred tonnes every year, mainly yellowfin
and kawakawa.
- Strong winds make coastal navigation difficult from June to
September during the southwest monsoon.
The Somali coastal waters are characterized by a
active upwelling developing in June which enriches the
layers in nutrients. Large concentrations of tuna may be
offshore at the border of the enriched areas.
very
upper
found
Commercial fisheries are beginning to develop in the
fishing grounds situated along the Mozambique Channel.
In
generally
kawakawa.
Madagascar only trolling lines
yield about a hundred tonnes and
are used. Catches
consist mainly of
Handlining and trolling take 1 800
Islands. Some gillnets are used south of
tlyear off the
Grande Comore.
Comores
Navigation is easy throughout the
Channel. However, cyclones may sometimes
mo~ths north of the channel.
yea r
occur
in the Mozambique
during the summer
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- The thermocline is generally deep (around 100 m) due to a
convergence eddy centred across the Comores. The temperature
gradient in the thermocline is low and the water is clear. In
spite of this, purse-seining is possible thanks to patches of
flotsam and drifting debris.
- From an oceanographic point of view, the area north of the
Mozambique Channel could be exploited by purse seine fisheries
with good probabilities of success, from January to June and in
September-October.
(k) Reunion - Mauritius
- Artisanal trolling and sport fishing are the only forms of
fishing carried out around these islands.
Catches vary between 800 and 1 000 t mainly consisting of
kawakawa.
From May to October during the trade winds season, the
conditions of the sea hinder smooth navigation and make fishing
difficult. The thermocline is deep and not well pronounced.
- Tuna resources do not seem very important and, in any case,
are insufficient to enable the development of a commercial
surface fishery.
(1) Seychelles
- Artisanal fisheries land approximately 100 t of tuna from
the plateaux areas off Mahe and the Amirantes.
Commercial purse-seining has been developing since 1982
reaching 120 000 t in 1985. Yellowfin account for SO% of the
catches arid skipjack about 4S%. The remainder consists of bigeye
and albacore. Occasionally little tuna species are also caught.
- During the first quarter the seiner fleets extended from
the Seychelles and the Chagos Islands; from April to July they
exploited the areas between the Seychelles and the east coast of
Africa (between i o'"s and the Equator). From August to October
the main effort is concentrated on the areas between the Equator
and lOoN. In November-December, the fleets move towards the
fishing grounds north of the Seychelles.
- Navigation is difficult during the southwest monsoon (June
to August) but easier during this same period north of the
Equator (from 0 0 to SON).
Hydrological conditions are favourable for tuna concentra-
tions throughout most of the year.
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